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THRUST  FAULTING— WHAT  DOES 
IT  MEAN?* 

By  CHESTER  R.  LONGWELLf 
The  great  thrust  sheets  of  orogenic  belts  repre¬ 
sent  a  distinctive  type  of  crustal  deformation. 
They  are  discrete  masses  that  have  been  displaced, 
more  or  less  intact,  through  distances  which  in 
many  cases  can  be  approximately  determined. 
Relations  of  these  sheets  in  any  belt  to  each  other, 
and  to  the  general  structural  pattern,  have  been  a 
subject  of  particular  interest  among  students  of 
tectonics,  who  hope  to  find  in  these  relations  some 
clues  for  solving  the  major  riddle  of  orogeny. 

Major  thrust  sheets,  in  so  far  as  they  are  known 
through  direct  observation,  seem  to  represent 
deformation  at  comparatively  shallow  depths,  that 
is,  within  several  thousands  of  feet  or,  at  most,  a 
few  kilometers  of  the  earth’s  surface.  A  large 
percentage  of  them  involve  only  sedimentary  for¬ 
mations  of  geosynclinal  columns.  Thus  the  Lewis 
thrust  plate  of  northern  Montana  and  southern 
Alberta  consists  of  late  Precambrian  strata  12,000 
feet  or  more  in  total  thickness,  on  which,  at  the 
time  of  movement,  may  have  rested  younger 
Precambrian  units,  as  well  as  Paleozoic  and  Meso¬ 
zoic  formations  some  additional  thousands  of  feet 
thick.  In  southern  Nevada  and  in  the  Appala¬ 
chian  belt,  major  displacements  have  ocqirred, 
essentially  along  bedding  surfaces,  in  the  lower 
parts  of  geosynclinal  sections  that  originally  total¬ 
led  more  than  30,000  feet,  though  it  is  not  known 
how  much  thinning  by  erosion  may  have  occurred 
before  the  plates  were  moved. 

Thrusts  exposed  in  the  Appalachian  Valley  and 
Ridge  province  generally  disappear  downdip  to 
the  east.  Along  the  eastern  margin  of  the  province, 
thrust  sheets  made  of  crystalline  rocks,  in  part 
Precambrian,  override  the  Paleozoic  formations. 
According  to  a  common  interpretation,  this  is  the 
“root  region’*  where  major  thrusts  spring  from  a 
deep  zone  of  complex  deformation,  the  teclogene  of 
a  popular  theory.  From  this  zone  of  intense  com¬ 
pression,  rock  masses  supposedly  were  forced  up¬ 
ward  and  outward.  Thrust  blocks  of  massive 
basement  rocks  were  driven  against  and  over  the 

*  Thil  paper,  illustrated  with  standard  and  Kodaclirome  slides, 
was  presentM  at  the  meetins  of  the  Section  on  October  1,  I9S1. 

t  Department  of  Geology,  Yale  University,  New  Haven,  Conn. 


Paleozoic  formations  in  the  Valley  and  Ridge  I 
province  and  these  formations  yielded  by  folding  I 
and  by  displacement  along  bedding  thrusts.  Those  I 
who  accept  this  concept  attribute  the  development  I 
of  the  tectogene  to  convection  currents,  or  to  some 
other  mechanism  of  global  scale  that  is  capable 
of  concentrating  deforming  stresses  within  a  nar-  ■ 
row  mountain  zone  diousands  of  miles  long.  I 
Diagnosis  of  specific  thrust  masses  raises  serious  I 
doubts  that  all  such  units  can  be  explained  wholly  j 
as  the  result  of  outward  thrust  from  an  orogenic 
axis.  Lawson  (1922)  has  focused  attention  on 
mechanical  difficulties  in  displacement  of  an  ordi-  . 
nary  thrust  plate  through  several  miles  simply  by  I 
plunger  action.  Bucher  (1934,  1936)  interprets 
the  remnants  of  the  Heart  Mountain  thrust  in 
Wyoming  as  examples  of  far-travelled  masses  that 
probably  owe  their  present  locations  to  a  special 
mechanism.  The  westernmost  remnants  of  the 
plate,  made  up  of  Paleozoic  carbonate  rocks, 
protrude  from  a  cover  of  volcanic  rocks  and  lie  on 
Cretaceous  strata.  Far  to  the  east,  other  rem¬ 
nants  lie  on  Eocene  beds.  On  the  assumption  that 
these  remnants  once  were  parts  of  an  intact  sheet, 
the  width  and  the  minimum  displacement  of  the 
plate  must  have  been  approximately  50  kilometers. 
Bucher  points  out  that  the  thickness  of  the  plate, 
as  determined  by  the  known  stratigraphic  column 
of  the  region,  could  have  been  no  more  than  a  few 
thousand  feet,  and  that  many  of  the  formations 
are  weak.  This  and  other  considerations 
prompted  his  suggestion  that  intense  volcanic  - 
activity,  perhaps  accompanied  by  large  updoming 
in  the  vicinity  of  Yellowstone  Park,  may  have 
played  a  dominant  part  in  displacement  of  the 
thrust  masses.  He  cites  the  spectacular  structure 
around  the  Ries  Basin,  in  Germany,  and  also  the 
thrusts  around  the  Bearpaw  Mountains,  Montana, 
as  perhaps  comparable  to  the  Heart  Mountain  | 
situation,  though  on  a  smaller  scale. 

Haarmann’s  theory  (1930)  of  sliding  on  the 
flanks  of  major  uplifts  is  being  revived,  particularly 
by  a  group  of  European  students,  to  explain  the 
displacement  of  detached  masses  such  as  those  of 
the  Prealps,  which  lie  tens  of  kilometers  from  any  ! 
logical  “zone  of  roots’’.  Schardt,  about  60  years  , 
ago,  first  recognized  that  the  Prealps,  with  an  over-  ^ 
all  length  about  100  kilometers,  are  made  up  of  If! 
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several  isolated  thrust  slices  that  lie  one  above 
another.  Later  Alpine  students  related  these 
slices,  which  lie  directly  south  of  the  Swiss  Plain, 
to  the  East  Alpine  or  Austride  series  of  nappes 
which  “root”  in  southern  Switzerland.  This  rela¬ 
tionship  suggests  colossal  horizontal  movement. 
Several  investigators  have  suggested  that  an  ap¬ 
preciable  part  of  the  displacement  occurred  by 
gravitational  sliding  on  the  north  flank  of  the 
Aar — Mont  Blanc  uplift.  ^  A  similar  suggestion  is 
made  to  explain  detached  thrust  masses  on  the 
south  side  of  the  Alps,  in  northern  Italy.  The 
Dutch  geologist  de  Sitter,  who  has  studied  and 
mapped  intensively  in  the  Bergamasc  .Alps,  now 
concludes  (1950)  that  a  number  of  large  klippen, 
distributed  through  an  east-west  belt  70  kilometers 
long,  can  be  explained  only  as  a  result  of  gravita¬ 
tional  sliding  (d'icoulemmt  par  gravit  ).  These 
masses,  several  of  which  have  an  imbricate  rela¬ 
tion  similar  to  that  of  the  Prealps,  clearly  were 
moved  southward  down  the  southern  flank  of  the 
high  Alpine  chain.  There  is  no  recognizable 
“root”  of  a  nappe  further  north,  however,  to  which 
the  remnants  can  logically  be  related.  The  klip¬ 
pen  are  composed  chiefly  of  Triassic  carbonate 
beds.  Sliding  occurred  primarily  on  Permian 
shale,  although  imbrication  has  brought  some 
blocks  to  rest  at  various  Jurassic  horizons.  Up- 
slope,  a  wide  belt  is  underlain  by  older  rocks, 
chiefly  crystalline  schists;  this  of  course  is  the 
normal  expectation,  since  a  sliding  plate  would 
leave  a  widening  gap  in  its  wake,  and  any  rem¬ 
nants  of  related  rock  units  in  the  higher  part  of  the 
chain  would  soon  be  removed  by  erosion. 

De  Sitter  and  some  other  European  geologists 
consider  gravitational  sliding  an  incidental  and 
minor  process  in  orogenic  belts  which,  in  their 
view,  owe  their  major  structural  development  to 
deep-seated  tectonic  forces.  Haarmann’s  concept, 
however,  does  not  lack  vigorous  proponents.  R. 
W.  van  Bemmelen  (1949),  after  a  long  experience 
of  field  study  and  mapping  in  Indonesia,  maintains 
that  “primary  tectogenesis”  consists  in  develop¬ 
ment  of  elongate  uplifts,  or  “undations,”  and  that 
all  folding  and  thrusting  is  a  secondary  result, 
from  gravitational  sliding.  J.  L.  Rich  advocates 
a  similar  mechanism  (1951),  in  which  a  “magma 
blister”  is  the  essential  element  for  creating  un¬ 
stable  slopes.  In  Rich’s  view  a  very  low  angle 
of  slope  above  the  marginal  part  of  a  “blister,” 
perhaps  one  degree  or  less,  may  be  sufficient  for 
sliding  and  compressive  deformation,  since  fric- 
tioiud  resistance  at  the  base  of  the  “magma  roof” 


will  be  very  small.  In  this  proposed  scheme,  the 
essential  sliding  unit,  consisting  of  massive  crustal 
rock,  presses  against  and  overrides  geosynclinal 
formations,  with  resulting  deformation  by  folding 
and  thrust  faulting.  To  provide  potential  for  this 
vast  work,  it  is  required  that  the  t<^  of  the 
“magma  blister”  be  at  shallow  depth,  i.e.,  less 
than  five  kilometers,  according  to  Rich’s  diagram 
(1951,  FIGURES  1,  2).  Study  of  the  proposal 
brings  strong  doubts:  What  known  principles  dic¬ 
tate  the  assumed  form  of  the  blister,  i.e.,  a  thin  cake 
confined  to  the  outer  and  presumably  sialic  shell, 
but  with  immense  horizontal  dimensions?  Do 
the  known  physical  properties  of  rocks  justify 
assumption  that  thermal  expansion  of  such  a  cake, 
only  a  few  kilometers  thick,  would  result  in  uplift 
,  sufficient  for  the  required  potential?  'How  could 
the  known  horizontal  movement  of  thrust  plates 
within  a  typical  geosynclinal  belt,  totalling  many 
t^ns  of  kilometers,  be  accomplished  without  com¬ 
plete  collapse  of  the  “blister  roof”?  If  the  “blis¬ 
ter”  is  confined  to  the  sialic  shell,  as  shown,  whence 
came  the  basaltic  lavas  and  the  ultramafic  in¬ 
trusive  bodies  that  have  characterized  early  stages 
of  growth  and  deformation  in  some  geosyndines? 
In  short,  the  basic  assumptions  of  the  hypothesis 
arc  open  to  serious  question. 

The  best  test  of  a  proposed  mechanism  of 
orogeny  comes  from  its  application  to  known  field 
relationships.  Directly  west  of  the  Colorado 
Plateau,  in  the  Basin  and  Range  province,  thick 
sedimentary  formations  of  the  Cordilleran  geo¬ 
syncline  are  broken  and  shingled  by  many  large 
thrusts,  of  Cretaceous  date.  In  a  belt  more  than 
175  kilometers  wide,  we  look  in  vain  for  any  base¬ 
ment  rocks  involved  in  the  thrusting;  all  available 
evidence  indicates  that  the  deformation  is  con¬ 
fined  to  the  geosyndinal  section.  In  the  vicinity 
of  Death  Valley  some  large  masses  of  older  Pre- 
cambrian  rocks  are  exposed,  but  there  is  no  indica¬ 
tion  that  they  are  broken  by  the  Cretaceous 
thrusts.  Where,  then,  is  the  plunger  demanded 
by  Rich’s  mechanism  for  deforming  the  sedi¬ 
mentary  section?  Even  if  evidence  of  a  “blister 
roof”  were  present  near  Death  Valley,  could  we 
accept  the  suggestion  that  stresses  supplied  by 
sliding  of  the  roof  were  transmitted  more  than  175 
kilometers  in  order  to  displace  large  thrust  plates? 

If  the  thrust  sheets  of  southern  Nevada  record 
gravitational  sliding,  the  required  inclination  must 
have  affected  these  sheets  directly.  It  is  hardly 
conceivable  that  such  a  slope  extended  continu¬ 
ously  across  the  entire  belt,  but  we  may  assume 
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that  the  crest  of  an  “undation”  moved  slowly  from 
west  to  east,  to  cause  a  succession  of  great  slides. 
Figure  1  represents  a  typical  thrust  involving  a 
section  of  Paleozoic  and  Mesozoic  formations  five 
kilometers  thick.  A  thrust  of  this  type  began  as 
an  anticlinal  buckle,  which  was  sheared  across  as 
the  plate  moved  forward  along  weak  Cambrian 
shale  near  the  base  of  the  section.  On  emergence 
at  the  surface,  the  thrust  sheet,  made  up  largely  of 
carbonate  beds,  moved  on  Jurassic  sandstone. 
To  effect  the  displacement  indicated  required  a 
force  sufficient  to  rupture  the  thick  section  and 
move  the  plate  about  25  kilometers,  against  the 


must  be  forced  up  a  ramp  to  a  higher  level.  The 
effective  slope  for  sliding,  therefore  (A-B,  figure 
1),  would  l)e  no  more  than  li°,  on  which  sliding 
could  occur  only  with  a  coefficient  of  friction  less 
than  0.026.  Even  if  the  upper  end  of  the  50- 
kilometer  section  stood  10  kilometers  above  the 
lower  (111®  inclination),  the  effective  slope  A-B 
would  be  only  51®,  which  would  not  permit  move¬ 
ment  with  a  coefficient  as  high  as  0.1,  even  if  we 
neglect  the  work  of  rupturing  the  section. 

Ordinary  engineering  tests,  therefore,  do  not 
seem  to  favor  gravitational  sliding  as  the  primary 
mechanism  in  major  thrusting  movements.  A 


resistance  of  sliding  friction.  There  is  no  reason 
to  suppose  that  this  resistance  was  small,  par¬ 
ticularly  on  the  sandstone,  which,  from  laboratory 
tests,  is  assigned  a  coefficient  of  friction  of  about 
0.6. 

An  average  inclination  of  61®  elevates  a  plane 
surface  about  five  kilometers  in  a  horizontal  dis¬ 
tance  of  -50  kilometers.  On  such  a  slope  the 
tangential  component  of  gravity  would  cause  slid¬ 
ing  with  a  coefficient  of  friction  less  than  0.114, 
provided  there  is  no  other  resistance.  To  produce 
a  thrust  of  the  kind  shown  in  figure  1,  however, 
the  section  must  first  be  ruptured,  and  the  plate 


more  general  argument  on  the  same  side  of  the 
question  lies  in  the  striking  linear  pattern,  on  a 
truly  global  scale,  that  characterizes  the  great 
mountain  chains  of  the  present  era.  It  would 
seem  that  “blisters”  or  “undations”  necessary  to 
set  the  scene  for  sliding  would  result  in  a  much 
more  haphazard  pattern.  At  any  rate,  I  am  not 
acquainted  with  a  version  of  the  sliding  concept 
that  meets  the  facts  of  mountain  distribution  in 
an  impressive  way. 

The  cause  of  orogeny  is  still  an  utter  mystery, 
and  we  must  dismiss  no  suggestion  that  offers 
any  promise  of  eventual  solution.  A  good  case 
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has  been  made  for  gravitational  sliding  of  super¬ 
ficial  masses,  “rootless”  and  of  moderate  size,  on 
the  steep  flanks  of  the  Alps.  The  same  mecha¬ 
nism  may  well  be  an  important  auxiliary  in  de¬ 
velopment  of  major  thrust  sheets.  Igneous  agen¬ 
cies,  as  emphasized  by  Rich  and  others,  arc  surely 
an  important  quantity  in  the  equation  of  orogeny. 
I  confess,  however,  .to  a  conviction  that  a  primary 
cause,  deep-seated  and  thus  far  elusive,  is  reflected 
in  the  global  pattern  of  the  great  mountain  belts. 
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.  SECTION  OF  PHYSICS  AND  CHEMISTRY 


THE  ROLE  OF  INFORMATION  THEORY 
IN  THE  INACTIVATION  OF 
MAXWELL’S  DEMON* 

;  By  HOMER  JACOBSONf 

The  early  days  of  development  of  thermody¬ 
namics  were  marked  by  the  development  of  the 
idea  of  irreversibility  of  natural  processes.  The 
Second  Law  directly  implied  the  “heat-death,” 
a  state  of  the  universe  in  which  all  possible  de¬ 
gradations  of  energy  into  heat  had  taken  place, 
the  universe  being  at  a  constant  temperature,  and 
its  entropy  a  complete  maximum.  Maxwell’s 
demon  was  bom  somewhat  whimsically^,  but  also 
in  possibility  of  fulfilling  the  wish  that  such  a  fate 
might  not  befall  mankind.  Natural  philosophers 
since  have  clung  to  his  conceptual  reality  perhaps 
more  out  of  loyalty  to  the  race  than  in  the  con¬ 
viction  that  a  workable  model  might  be  possible. 
It  has  been  suggested  frequently  that  bacteria 
or  living  tissues  might  function  as  such  demons,  in 
view  of  their  wellknown  selective  powers.* 

To  treat  Maxwell  demons  quantitatively,  it  is 
necessary  to  use  entropy,  the  measure  of  their 
operations.  Originally  defined  as  the  quotient  of 
reversible  heat  and  temperature,  statistical  ap¬ 
proaches  to  thermodynamics  showed  entropy  to  be 
a  quantity  proportional  to  the  logarithm  of  the 

number  of  possible  states.*-  *  In  the  Boltzmann 
»• 

H-theorem,  H  -  k^Pi  \ogtpi  >  where  ff  is  a 

«-i 

quantity  showing  the  properties  of  entropy, 
Pi  the  probability  of  the  ith  state,  and  k  the  well- 
known  Boltzmann  constant.  With  present  con¬ 
cepts  of  quantum  statistics,  this  is  generally 
expressed  in  the  simpler  form  H  ~  k  log.  W, 
where  W  is  the  total  number  of  accessible  states, 
each  equally  probable. 

Maxwell’s  demon,  then,  was  a  being  which 
decreased  entropy  by  causing  less  probable  states 
to  ensue  from  his  operations.  Physically,  he  is 
generally  imagined  as  guardian  of  a  door  through 
which  some  sorting  process  may  take  place. 
His  two  best-known  roles  are  as  “pressure  demon,” 
in  which  he  effects  a  pressure  change  by  allowing 
one-way  passage  of,  say,  gas  molecules  through  his  ^ 

*  TUi  paper,  iUuetnted  with  Untem  ilides,  wa*  presented  at 
the  meetins  of  toe  Section  on  Otober  2, 1951. 

t  Department  of  Chemistry,  Brooklyn  College,  \ew  York,  N,  Y. 


door,  and  as  “temperature  demon,”  in  w)iich  he 
effects  an  entropy  change  by  allowing  only  the  hot 
molecules  to  pass  through.  In  both  cases,  he  is 
presumed  to  operate  without  expenditure  of  use¬ 
ful  energy,  or  in  any  other  entropy-increasing 
fashion.  A  third  role  we  might  call  the  “sorting 
demon,”  in  which  he  separates  molecules  of  dif¬ 
ferent  kinds,  as  does  a  uranium  isotope  separation 
plant,  only  without  expenditure  of  energy.  It 
will  not  be  considered  here. 

We  can  use  the  demon  in  these  two  roles  in 
appropriate  cyclic  processes.  The  “pressure  de¬ 
mon”  causes  molecules  to  pass  from  a  low  to  a 
high  pressure  chamber,  in  a  continuous  fashion. 
Simultaneously,  a  turbine  is  operated  by  allowing 
the  same  number  of  molecules  to  shoot  through  it 
from  the  high  to  the  low  pressure  chamber.  The 
source  of  the  work  is  not  in  the  demon,  but  in  the 
heat  acquired  from  the  surroundings  in  the  ex¬ 
pansion  process.  Such  a  cyclic  process  gets  work 
from  heat,  in  defiance  of  the  qualitative  expression 
of  the  Second  Law.  Quantitatively,  the  demon 
produces  an  entropy  decrease  of  k  log,  r,  where  r 
is  the  pressure  ratio,  for  each  properly  transferred 
molectde.  The  “temperature  demon”  can  be 
considered  in  a  similar  fashion,  except  that  the 
chambers  are  insulated  thermally  from  one 
another,  and  they  have  a  temperature  differential 
maintained  by  transfer  of  only  the  fastest,  i.e., 
hottest,  molecules  from  the  cold  chamber  into  the 
hot  one.  Here  v^rk  can  be  obtained  by  alternate 
expansion  and  contraction  of  a  sample  of  gas 
thermally  subjected  to  both  chambers  in  turn. 

This  concept  of  a  demon  ex  machina  served  to 
reassure  humanity,  until  precise  inquiries  as  to  the 
metabolism  of  the  demon  were  made.  Szilard*, 
in  1929,  maintained  that  the  operation  of  such  a 
demon  was  attended  with  a  more-than-compen- 
satory  entropy  increase  somewhere.  Although 
his  models  were  not  altogether  realistic,  even  for 
hypothetical  experiments,  his  thesis  was  better 
than  plausible,  particularly  for  the  case  where  the 
entire  gas  consisted  of  one  molecule.  Szilard* 
called  the  operation  of  the  demon  a  “measure¬ 
ment”,  and  maintained  that  k  log,  2  units  of 
entropy  increase  must  take  place  every  time  the^ 
demon  makes  a  measurement  of  choosing  one  of 
two  alternatives. 
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The  major  advance  in  our  ability  to  treat  this 
problem  in  a  quantitative  manner  came  with  the 
Shannon-Wiener  concepts*’  of  information.  In 

defining  information  (info)  with  the  equation, 
w 

I  ^  ^Pi  log*  Pi ,  where  Pi  is  the  probability 

of  the  *th  state,  or  with  I  s  log2  W,  where  W  is 
the  total  number  of  equi-probable  states,  as 
above.  Shannon  recognized  the  effective  identity 
of  his  concept  with  entropy,  and,  in  fact,  rather 
unfortunately  used  that  name  for  it.  Some 
terminological  discussion  resulted*"'*  which  merely 
serv'ed  to  establish  their  essential  equivalence. 
This,  of  course,  is  the  result  of  their  very  defini¬ 
tions,  if  we  count  states  of  a  physical  system  and 
those  of  an  informational  one  to  be  correspondent. 
The  only  difference  is  in  the  factor  —k  log,  2. 
Information  is  expressed  in  the  units  of  “bits” 
or  binary  digits,  and  entropy  in  e.u.,  or  entropy 
units.  Their  conversion  factor  is  the  one  men¬ 
tioned,  or  that  1.443  bits  of  inlo  are 

log,  2 

equivalent  to  k  e.u.,  each  acting  in  an  opposite 
sense.  Any  process  in  which  entropy  is  compared 
to  info  should  give  this  number  in  ideal  situatiqps. 

Wiener^  and  Brillouin"  were  quick  to  realize  that 
the  demon,  in  acquiring  information  about  the 
system  on  which  it  operates,  must  thereby  effect 
an  entropy  increase  as  well  as  a  decrease,  and  the 
net  entropy  change  must  be  always  equal  to  or 
greater  than  zero.  .Proof  of  this  theorem  was 
first  suggested  by  Szilard,*  whose  word  “measure¬ 
ment”  was  about  the  s^e  as  “information”  in  the 
Shannon*  sense.  Brillouin**  has  outlined  a  further 
proof  of  this  theorem,  with  some  excellent,  but  not 
entirely  general,  arguments.  It  must  be  shown 
(1)  that  a  certain  amount  of  info  is  necessary  to 
effect  a  given  entropy  decrease,  this  being,  of 
course,  at  least  1.443  bits/ik  e.u.;  and  (2)  that  a 
certain  amount  of  entropy  increase  is  necessary 
to  effect  the  acquiring  or  use  of  the  info,  at  least 
the  inverse  of  the  factor  mentioned.  This  in¬ 
volves  a  net  gain,  or  at  best  no  change,  in  the 
entropy  of  the  universe. 

Part  1  of  the  theorem  is  susceptible  to  proof  in 
several  rather  general  cases.  It  was  done  for  the 
one-molecule  case  by  Szilard.*  His  calculations 
on  the  entropy  of  fluctuations,'*  as  well  as  those 
of  von  Neumann,'*  can  be  made  to  give  a  result  in 
harmony  with  the  figure  cited,  when  compared 
with  Shannon’s  formula*  for  the  entropy  of  a 
continuous  distribution.  The  proof  was  at¬ 


tempted  by  Brillouin'*,  using  Maxwell’s  original 
model  of  two  opposing  temperature  demons,  one 
selecting  cold  and  the,  other,  hot  molecules,  but  this 
was  not  satisfactory,  as  we  shall  see  later.  We 
have  shown  how  the  pressure  and  temperature 
demons  function  under  general  assumptions,  and 
calculated  the  informational  quid  pro  quo  in 
detail.* 

The  operation  of  these  demon  types  (Case  I 
and  II,  respectively)  are  schematically  shown  in 
ncuRE  1.  The  random  vertical  lines  represent 
the  energies  and  times  of  arrival  of  the  molecules 
at  the  door.  The  demon  must  answer  a  question, 
for  a  series  of  short  time  intervals,  /,  something 
like,  “Are  one  or  more  molecules  which  I  must 
pass  going  to  reach  my  door  during  this  interval?” 
If  the  answer  is  “yes”,  he  opens  the  door.  The 
info  required  to  answer  such  a  question,  according 
to  Shannon,*  is  — /  log*/  —  (1  —  /)  log*  (1  —  /) 


INiitV 


bits,  where  /  is  the  likelihood  of  the  answer  being 
“yes.”  For  a  situation  in  which  an  average  of  « 
particles  reaches  the  doorway  during  the  interval 
t,  the  answer  is  “yes”  a  fraction  1  —  of  the 
time.  The  amount  of  information  required  per 
opening  of  the  door  is  —  e~*)  —  logj 

(I  —  «■")  bits,  since  an  average  of  «/(l  —  «"“) 
particles  per  opening  go  through  in  the  forward 
direction.  And  since  an  average  of  ru  particles 
per  opening  go  in  the  backward  direction,  the 
entropy  change  per  opening  is  —A  log«r[«/(l  —  «/“) 
—  ru].  If  we  let  the  demon  vary  values  of  r  and 
w  at  will,  he  can  maximize  the  quotient  AS/I, 
where  AS  is  the  entropy  change.  Ficuke  2 
shows  the  results  of  this  maximization.  The 
extent  to  which  this  quotient  approaches  -k/lM3 
is  a  measure  of  the  quid  pro  quo  delivered  by  the 

*  Only  an  outUn«  o(  the  wulu  o<  these  calcuUtioos  is  pretated 
here.  While  the  dctsils  would  be  of  crest  importsace  to  Mszwell 
dsmoot,  they  srt  of  minor  scientific  sicnlficsnce.  They  srilt  be 
furnished  by  the  author  on  renuest,  or  may  be  published  elsewhere. 
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demon,  and  can  be  called  the  “efficiency”  of  the 
demon  process.  The  dotted  line  corresponds  to 
maximizing  with  respect  to  r  at  fixed  «,  and  the 
solid  one  to  miximizing  with  respect  to  u  at  fixed 
r.  In  no  case  does  the  efficiency  exceed  one,  but 
it  approaches  unity  at  high  pressure  ratios,  the 
demon  delivering  more  entropy  decrease  per  unit 
of  info  furnished  it. 

Calculations  for  the  temperature  demon  are 
much  more  involved.  If  the  demon  must  select 
only  that  fraction  p  of  the  hottest  molecules 
approaching  his  doorway,  he  will  open  the  door  for 
a  fraction  1  —  e"*'  of  the  time  intervals  /,  and  pass 
an  average  of  «^/(l  —  molecules  each  time 
in  the  forward  direction,  (u  being  the  average  num¬ 
ber  of  molecules,  hot  and  cold,  striking  the  door¬ 
way  in  time  t,  as  before).  To  calculate  the  entropy 
decrease  effected,  it  is  necessary  to  calculate  the 


average  temperature,  T,  of  the  selected  mole¬ 
cules,  and  ^pply  the .  Sackur-Tetrode  equation'* 
to  the  process  of  taking  molecules  from  a  cold 
compartment,  temperature  Ti ,  and  putting  them 
into  a  hot  one,  temperature  Tj.  The  entropy 
change  per  door  opening,  for  small  values  of 
«^,is:  -6S/k  -  (5/2)lo&«n  — ((m  —  l)/m](r/ri) 
-l-I(S/2)(log,m)(l  -m-*)  -1-3(1  -  - 1)] 

M,  where  m  =  Ts/Ti ,  and  the  gas  is  assumed  to  be 
monatomic  and  at  the  same  pressure  on  both  sides 
of  the  partition.  The  information  per  door 
opening  required  is  the  same  as  with  the  pressure 
demon,  with  »  replaced  by  up.  Making  a  few 
simplifying  assumptions,  and  maximizing  the 
efficiency  with  respect  to  u,  optimal  efficiencies 
can  be  approximately  calculated. 

The  results  are  shown  in  figure  3,  the  efficienc>' 
being  plotted  as  a  function  of  m,  the  temperature 
ratio,  for  varj’ing  sizes  of  r,  which  is  the  selection 


energy  of  the  demon  (figure  1),  divided  by  kTt. 
It.  is  seen  that  a  good  efficiency  of  the  demon  can 
only  be  obtained  by  taking  a  rather  large  v, 
selecting  only  vdry  fast,  hot  molecules,  for 
passage.  Furthermore,  the  number  m  must  be 
large,  as  the  maximum  efficiency  is  1  —  1/m 
for  very  large  v.  It  is  clear  from  this  calculation 
why  Brillouin’s  consideration  of  a  demon  operating 
with  a  small  temperature  differential'*  was  an 
inapt  example  of  the  possibilities  of  the  tempera¬ 
ture  demon.  Under  these  conditions,  the  ef¬ 
ficiency  must  be  low. 

These  calculations  establish  more  firmly  the 
relationship  between  information  and  entropy, 
using  a  demon  as  a  coding  device.  However, 
part  2  of  the  proof  of  the  theorem  above  must  be 
made.  It  will  not  be  rigorously  made  here,  but 
some  additional  arguments  and  considerations  will 
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be  furnished.  Brillouin'*  centered  his  suggested 
proof  on  the  way  in  which  the  demon  acquires  the 
information,  t.e.,  his  “sight”.  For  the  case  in 
which  he  uses  radiant  energy,  he  shows  that  at 
least  k  e.u.  are  probably  produced  for  each  1.443 
bits  of  info  obtained.  Of  course,  the  demon  might 
obtain  info  in  some  other  way,  in  which  case 
additional  proofs  would  have  to  be  made. 

Most  generally,  we  can  consider  the  demon  as 
analogue  of  a  being  with  perceptors,  a  central 
ncr\'ous  system,  and  effectors,  using  these  to  per¬ 
form  his  function.  Szilard*  recognized  that  a 
central  nervous  system  would  not  be  necessary  for 
a  demon.  The  minute  he  is  given  some  means  of 
recording,  even  for  an  instant,  the  info  he  needs, 
there  is  produced  in  his  brain  an  order  pattern, 
at  least  equal,  in  logarithmic  loss  of  possible 
states,  to  that  ebrresponding  to  the  decrease  of 
entropy.  To  say  that  the  demon  can  effect  this 
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order  pattern  in  his  brain  is  to  beg  the  question  of 
the  functionality  of  the  demon  process,  for  this 
means  that  he  could  effect  the  order  pattern  else¬ 
where,  say  on  a  door-opening  device.  If  he  is 
made  wholly  automatic,  however,  there  is  no  need 
to  consider  this  part  of  the  process,  as  the  ob¬ 
servation  can  lead  directly  to  reflex  effector 
action. 

Here  we  suggest  a  different  approach,  namely  a 
consideration  of  the  demon’s  effectors,  and  the 
“weightless  door”.  Granting  the  possibility  of 
such  a  door  in  our  hypothetical  experiments,  it  is 
still  possible  to  show  that  some  kind  of  energy 
must  be  used  in  operating  it  reliably.  For  such 
a  door  will  show  an  average  energy  of  oscillation 
of  kTIl,  and  a  root  mean  square  fluctuation 
energy  of  about  kT,  for  each  degree  of  freedom 
with  which  it  is  allowed  to  influence  the  passage  of 
particles.  We  can  construct  it  with  only  one 
degree  of  freedom,  and  ask  what  the  demon  must 
do  in  order  to  open  or  shut  it.  Clearly,  he  must 
set  up  some  sort  of  energy  barrier  (we  neglect 
quantum  mechanical  effects  in  this  discussion) 
large  enough  to  keep  it  still  while  he  wants  it 
shut,  and  remove  this  barrier  when  he  wants  to 
open  the  door.  change  of  kT  in  energy  or  more 
is  indicated,  between  the  open  and  closed  door 
state.  Now,  it  may  be  argued,  this  energy  is  not 
necessarily  expended,  but  need  merely  be  moved 
in  and  out,  to  cause  tlie  door  to  open  or  shut. 
But  this  is  too  glib  a  disposition  of  the  matter. 
For  the  motion  of  the  barrier  is  necessarily  associ¬ 
ated  with  matter  at  temperature  F,  itself  subject 
to  thermal  fluctuation.  Another  barrier  would  be 
necessary  to  hold  the  first  one  in  place,  ad  in¬ 
finitum.  It  seems  likely  that  an  actual  expendi¬ 
ture  of  unrecovered  energy,  of  about  kT,  might  be 
necessary,  to  effect  this  door  opening.  The 
reliability  of  the  effector  action  should  be  an  . 
exponential  function  of  this  energy.  We  suggest 
the  approximate  relation,  <  -  where  t 

is  the  fraction  of  time  that  the  fluctuation  energy  of 
the  door  exceeds  Ed  ,  the  energy  the  demon  expends 
in  keeping  it  shut  or  open,  c  is  the  unrelialnlity 
of  the  demon,  when  using  an  energy  of  Ed .  It 
is  about  0.4,  i.e.,  the  reliability  about  60  per  cent, 
when  an  Ed  of  kT  is  used.  This  means  an  entropy 
increase  of  k  e.u.  per  door  opening,  and  corresponds 
to  less  than  one  bit  of  info,  when  the  demon  opens 
the  door  half  of  the  time. 

When  the  pressure  and  temperature  demons 
operate  at  high  efficiency,  much  more  than  k 


e.u.  of  entropy  decrease  is  obtainable  in  one  door 
opening,  by  factors  of  about  log,  r,  and  (5/2)  log,  m, 
respectively.  In  these  cases,  however,  the  re¬ 
liability  necessary  to  prevent  leakage  of  molecules 
from  the  high-pressure  or  high-temperature 
compartments  from  completely  vitiating  the 
entropy  decrease  obtained,  is  higher,  t  must  be 
smaller,  by  factors  of  about  r  and  m*/*,  and  Ed 
must  be  higher,  being  of  the  order  (log,  r)kT, 
and  (5/2)  (loge»»)Ar,  corresponding  exactly  to 
the  entropies  mentioned  above.  In  no  case, 
therefore,  is  it  pos.sible  to  operate  a  demon’s 
door,  without,  in  all  likelihood,  having  to  supply 
more  entropy  than  the  amount  of  effectible 
decrease. 

It  is  interesting  to  apply  these  considerations  to 
some  speculations  that  have  been  voiced  as  to  the 
reproductive  process  being  an  example  of  a  demon¬ 
like  one,  and  corresponding  to  a  possible  net 
entropy  decrease.  Detailed  consideration  like  the 
foregoing  should  serve  to  dispel  thb  view.  If  we 
consider  the  process  as  one  of  ordering  amino-acid 
residues  in  an  ambient  substrate  solution  along 
a  given  “template”  chain,  which  (grates  on  the 
basis  of  the  specific  forces  suggested  by  Jehle,** 
we  conclude  as  follows:  The  specific  forces  for 
individual  residues  must  exceed  kT,  for  attraction 
to  the  template.  They  can  be  identified  with 
Ed ,  the  work  performed  by  the  demon  in  making 
his  selection.  For  a  Z-fold  chain,  the  reliability 
of  the  process  must  be  Z  times  as  good  as  for  a 
single  residue,  and  c  about  Z  times  smaller.  This 
gives  Ed  (\ogtZ)kT,  for  each  residue,  and  a 
total  energy  of  (Z  log^kT.  Now  at  the  time 
of  removal  from  the  template,  this  quantity  of 
energy  must  be  applied,  and  it  is  difficult  to 
imagine  how,  in  any  but  an  irreversible  manner, 
causing  a  gain  of  k{Z  log,Z)  e.u.  of  entropy. 
Since  the  entropy  loss  in  arranging  the  Z  units 
in  a  specific  order  in  the  chain  is  no  greater  than 
k  log,  (Zl),  or  roughly  k  Z  log,  (Z/e)  e.u.,  there  is 
seen  to  be,  if  anything,  a  gain  of  entropy  in  the 
process. 

The  last  example  epitomizes  the  role  of  in¬ 
formation  theory  in  this,  and  similar  discussions. 
Information  is  not  mentioned  at  all!  The  result 
appears  in  analogy  with  processes  in  which  in¬ 
formation  is  present  in  a  transitory  way.  In¬ 
formation  theory  furnishes  nothing  that  was  not 
there  before,  except  some  definition,  elegant 
points  of  view,  and  impetus  to  treat  new  topics 
with  heretofore  inapplicable  generality. 
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POLARIZED  LIGHT  NAVIGATION 
BY  ARTHROPODS’t 

By  TALBOT  H.  WATERMANt 

That  celest^  navigation  of  a  sort  is  utilized  by 
certain  animals  has  been  known  for  a  long  time.** 
Fixes  cannot  be  taken  by  this  means,  but  celestial 
bodies  are  used  as  a  compass  permitting  the 
organism  to  steer  a  straight  course  in  a  specific 
direction.  The  technique  employed  involves  refer¬ 
ence  to  the  sun  or  moon  as  a  direction  finder,  but 
enables  the  animal  to  navigate  in  any  azimuth 
relative  to  this  referent. 

The  particular  behavior  pattern  concerned  has 
been  termed  the  light  compass  reaction.*  This 
consists  in  the  animal’s  walking,  fiying,  or  creeping 
in  such  a  direction  that  the  image  of  the  celestial 
body  remains  fixed  in  a  given  spot  within  the 
visual  field.  Should  this  image  be  displaced  by 
getting  off-course,  appropriate  locomotor  reflexes 
change  the  direction  of  movement  until  the  image 
is  back  in  place. 

By  this  means,  the  animal’s  course  is  kept  at  a 
constant  angle  to  the  bearing  of  the  celestial  body 
and  a  corresponding  steady  direction  of  movement 
is  maintained.  The  whole  procedure  is  analogous 
to  a  pilot’s  use  of  a  magnetic  compass  in  steering 
the  predetermined  course  of  a  ship.  Even  more 
comparable  is  man’s  technique  of  employing  a  sun 
compass  or  an  astral  compass  in  solving  various 
special  navigational  problems,  for  in  these  instru¬ 
ments  direction  of  light  from  celestial  bodies  rather 
than  that  of  the  horirontal  component  of  the 
earth’s  magnetic  field,  is  used  to  determine  azi¬ 
muth. 

So  long  as  the  light  source  acting  as  a  direction 
indicator  is  far  away  and  the  journey  relatively 
short,  a  straight-line  course  will  result  from  the 
light  compass  reaction.  Should  the  light  be 
nearby,  however,  keeping  its  retinal  image  in  a 
constant  position  will  result  in  a  collision  course 
along  a  logarithmic  spiral.  This  in  fact,  is  the 
pattern  often  realized  in  the  attraction  of  moths  to 
a  street  light  or  the  classic  candle  flame. 

The  most  interesting  recent  work  on  the  light 

*  The  euthor’i  rnearch  in  this  field  ii  being  aided  by  a  contract 
with  the  Office  of  Naval  Research. 

t  This  paper,  illustrated  with  lantern  slides,  was  presented  at 
the  meeting  of  the  Section  on  October  8,  1951. 

t  Osborn  Zoological  Laboratory,  Yale  University,  New  Haven, 
Conn. 


compass  reaction  in  animals  has  been  von  Friibh’s 
research  on  the  honey-bee.*  This  demonstrates 
beautifully  how  worker  bees  ordinarily  find  their 
way  to  and  from  the  hive  with  the  aid  of  the  sun 
as  a  compass.  Earlier  studies  by  various  workers 
had  disclosed  similar  methods  of  celestial  naviga¬ 
tion  in  ants,  beetles,  caterpillars,  bees,  spiders, 
mjrriapods  and  crustaceans  among  arthropods, 
while  polychaete  worms  and  gastrc^xxl  molluscs 
had  been  found  to  behave  in  this  way,  too. 

Since  the  light  compass  reaction  is  mediated 
through  the  animals’  vision,  the  underiying  mecha¬ 
nism  of  this  behavior  will  depend  in  the  first  in¬ 
stance  on  the  structure  and  fimction  of  their  eyes. 
In  most  of  the  arthropods  concerned,  these  are  the 
lateral,  compound  eyes.  As  their  externally  ob¬ 
vious  facets  suggest,  these  structures  consist  of  a 
few  to  30,000  component  visual  units,  the  om- 
matidia.  Each  has  its  own  cornea,  lens,  screening 
pigment,  and  photosensitive  elements.  Each  om- 
matidium  thus  contributes  a  fraction  to  the  total 
retinal  mosaic.  Unlike  the  concave,  reversed,  and 
inverted  image  found  in  the  more  familiar  camera 
eye  of  the  squid  or  vertebrate,  the  image  in  the 
compound  type  is  convex,  erect  and  not  reversed. 

However  interesting  such  differences  may  be, 
and  however  much  remains  to  be  learned  of  the 
physiology  of  the  compound  eye,  the  sensory  basis 
of  the  light  compass  seems  clear  enough.  It  con¬ 
sists  of  maintaining  a  predetermined  part  of  the 
visual  field  fixed  in 'a  definite  area  of  the  retina. 
In  other  words,  the  bearing  of  the  sun  or  moon  is 
held  within  the  visual  angle  subtended  by  a 
particular  one  or  group  of  ommatidia.  This  is  not 
to  say  that  the  many  contributory  aspects  of  the 
total  behavior  are  understood,  but  merely  that  the 
sensory  basis  of  the  reaction  {q>pears  perfectly 
straightforward. 

Hiere  is,  however,  another  kind  of  celestial 
navigation  practised  at  least  by  certain  insects, 
for  which  even  such  fundamental  phases  of  the 
activity  are  incompletely  understood.  This  is  the 
polarized  light  compass  discovered  by  von  Frisch 
in  the  honey-bee.*  Although  these  animals  ordi¬ 
narily  may  navigate  with  the  sun  as  a  reference 
aeimuth,  they  still  can  maintain  their  sense  of 
direction  without  seeing  the  sun,  provided  a  small 
area  of  blue  sky  is  visible  to  them.  In  a  series  of 
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fascinating  experip.ents  with  nnirrors  and  Polaroid 
sheets,  von  Frisd  has  been  able  to  show  that  the 
pn^rty  of  the  blue  sky  requisite  for  this  compass 
is  the  pattern  of  polarization  in  its  reflected  light. 
A  close  correspondence  was  found  between  the 
bee’s  sense  of  direction  and  the  polarization  of  a 
patch  of  blue  sky  visible  to  the  animal  in  a  given 
azimuth  and  elevation  at  a  particular  time.^ 

This  discovery  provided  the  explanation  of  some 
of  Santschi’s'^  puzzling  observations  on  ants.  He 
found  that  ants  going  to  and  from  their  nest  at 
twilight  required  a  view  of  the  heavens  above  to 
keep  their  sense  of  direction.  A  view  of  the  sur¬ 
rounding  terrain  and  the  sky  near  the  horizon  was 
not  enough  for  such  orientation.  These  facts, 
discovered  by  screening  different  areas  in  their 
field  of  view,  convinced  Santschi  that  the  ants 
were  using  celestial  navigation.  He  ventured  a 
suggestion  that  stars,  not  visible  to  the  human  eye 
under  the  prevailing  light  conditions,  were  being 
used  for  direction  finding.  Obviously,  von  Frisch’s 
demonstration  of  polarized  light  navigation  in 
bees  indicated  a  possible  reinterpretation  of  Sant- 
schi’s  data  on  ants.  Subsequently,  experiments 
both  in  the  field  and  in  the  laboratory'  have  sub¬ 
stantiated  the  original  observations,  but  have 
shown  that  the  ant  behavior  in  question  does 
indeed  depend  on  polarized  light.**'  |*  The  polar¬ 
ized  light  compass  reaction  therefore  may  be  con¬ 
sidered  a  well  established  phenomenon  and  one 
which  is  not  limited  to  a  single  particular  organism, 
although  it  has  so  far  only  been  demonstrated  in 
hymenrpteran  insects. 

Effective  study  and  eventual  understanding  of 
polarized  light  navigation  in  arthixpods  depends 
on  development  of  broad  insight  into  the  whole 
subject.  In  terms  of  analysis,  however,  the  whole 
may  be  separated  into  three  elements  which  are  its 
component  aspects.  First  is  the  pattern  of  polar¬ 
ization  to  be  fouiid  in  the  sky;  second  is  the 
physiological  mechanism  whereby  the  compound 
eye  can  detect  this;  finally,  there  is  the  means 
whereby  the  organism  can  convert  direction  of 
sky  light  polarization  into  azimuth.'  The  present 
discussion  will  deal  largely  with  the  first  two  of 
these  items,  since  their  thorough  apprehension  is 
prerequisite  to  an  understanding  of  the  third  point. 

Polarization  of  the  light  reflected  from  the  blue 
sky  is  due  to  the  scattering  of  the  sun’s  rays  by 
the  molecules  of  the  earth’s  atmosphere.-  The 
basic  pattern  is  therefore  related  to  the  position 
of  the  sun.  Its  main  features  will  result  from  the 
primary  (Raylei^)  scattering  of  sunlight.  On  the 


celestial  phere,  polarization  is  linear  and  partial 
It  varies  from  zero  in  the  regions  of  the  sun  and 
anti-sun  to  a  maximum  at  the  equator  of  this 
system  of  solar  coordinates..  In  this  latter  region, 
the  theoretical  maximum  linear  polarization  from 
the  primary  scattering  is  95  per  cent.  At  all 
points  on  the  celestial  q>here,  the  plane  of  polariza¬ 
tion  (electric  vector)  is  at  right  angles  to  the  direc¬ 
tion  of  the  sun. 

In  actual  fact,  this  simple  basic  pattern  is 
modified  by  other  factors.  Secondary  and  higher 
order  scattering  of  rays  occurs  in  the  earth’s 
atmoq>here.  As  a  consequence,  neutral  points 
wdiere  the  polarization  diminishes  to  zero  are 
produced  about  20”  above  and  below  the  sun  and 
the  anti-sun.  Furthermore,  several  factors  reduce  i 
the  degree  of  polarization  from  its  theoretical  1 
maximum.  Dust  in  the  atmosphere  and  the  I 
earth’s  reflection- of  light  do  so:  in  addition,  the  | 
highest  value  is  reached  only  when  the  angle  of 
incidence  of  the  sun’s  rays  is  90”  to  the  observer’s  t 
zenith,  t.e.,  around  sunrise  and  sunset,  and  is 
proportionately  less  at  other  times  of  the  solar 
day.  .As  a  relult  of  these  effects,  the  maximum 
percentage  polarization  may  be  not  more  than  I 
60  per  cent.  Clouds,  even  when  thin,  markedly  I 
reduce  the  percentage  polarization,  while  a  thick  * 
overcast  completely  depolarizes  the  sky  light. 

Nonetheless,  from  a  meteorological  point  of  f 
view  it  is  ^>parent  that  the  blue  sky  presents  a 
pattern  ot  polarization  which  could  certainly  form 
the  physical  qitical  basis  for  a  sky  compass. 

From  a  physiological  point  of  view,  however, 
the  ability  of  an  eye  to  analyze  sky  polarization  is 
not  so  obvious.  The  human  eye,  for  example,  is  j 
little  adapted  for  such  a  function.  True,  Haidin-  ^ 
ger’s  brushes,  which  may  be  observed  in  polarized 
light  as  a  vague  cro«like  image  in  the  fixation  _ 

point  of  the  visual  field,  indicate  the  electric  vector  I 

of  the  source  by  the  orientation  of  the  blue  sectors  I 
in  the  cross.**-  **  Although  the  phenomenon  is 
seldom  noticed,  it  has  been  possible,  at  least  for  ti 
the  author’s  eye,  to  see  this  figure  in  the  zenith  at  | 
sunset  and  hence  recognize  the  direction  of  light  || 
polarization  in  the  sky  by  inspection.  Because  of  I 
its  weakly  developed  nature,  however,  such  a  I 
polarized  light  analyzer  of  itself  would  hardly  he  1 
an  effective  aid  to  navigation.  j 

In  the  compound  eye,  on  the  other  hand,  an  n 
analyzer  of  a  more  practical  sort  must  be  present,  | 

at  least  in  the  insects  that  use  a  polarized  light  i  - 

compass.  The  nature  of  this  analyzer  and  its 
relationship  to  the  other  functional  properties  of 
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such  arthropod  eyes  is  one  of  the  key  points  in 
the  whole  problem.  In  order  to  design  effective 
experiments  to  elucidate  this  matter,  one  can  make 
three  alternative  hypotheses.  The  analyzer  might 
be  the  whole  cornea  of  the  eye  behaving,  for  ex¬ 
ample,  like  a  tourmaline  crystal  or  a  sheet  of 
Polaroid;  or  each  facet  might  be  an  independent 
polarization  analyzer;  or,  finally,  the  individual 
retinular  cells  might  carry  out  this  function  indi¬ 
vidually. 

The  last  possibility  is  particularly  interesting 
since  each  ommatidium  of  a  compound  eye  has  a 
radially  arranged  rosette  of  such  cells  comprising 
its  photosensitive  region.  If  these  were  all  analy¬ 
zers,  systematically  but  differently  oriented,  an 
efficient  device  with  the  required  properties  for  a 
polarized  light  compass  would  be  present.  Au- 
trum  and  Stumpf  have  indeed  considered  the 
problem  in  this  way  and  have  found  evidence 
which  they  interpret  as  supporting  the  third 
alternative:  namely,  that  each  retinular  cell  is  an 
indep>endent  analyzer. 

Their  data,  which  were  obtained  from  the  com¬ 
pound  eyes'of  the  honey-bee  and  the  fly,  CaUiphora, 
consist  of  electroretinograms.  These  are  the  elec¬ 
trical  responses  which  may  be  recorded  from  the 
surface  of  the  cornea  when  an  eye  is  illuminated. 
Autrum  and  Stumpf  found  the  amplitude  of  this 
response,  when  the  stimulating  light  was  turned 
on,  to  be  the  same,  regardless  of  the  plane  in  which 
it  was  polarized.  This  was  true  for  illumination  of 
large  areas  of  the  eye  or  single  facets.  On  this 
evidence,  the  cornea  as  a  whole,  or  even  a  single 
facet,  would  not  app)ear  to  l>e  acting  as  polarization 
analyzers.  It  was  found,  however,  that  unpolar¬ 
ized  light  had  to  be  15-30  pier  cent  more  intense 
to  produce  as  large  an  on-effect  in  the  electro- 
retinogram  as  did  polarized  light.  This  result 
could  support  the  third  hypothesis  if  effective 
light  intensities  were  such  that  the  retinal  elements 
were  oporating  in  an  appropriate  range  of  the 
non-linear  function  relating  on-effect  amplitude  to 
stimulating  light  intensity.  Autrum  and  Stumpf 
conclude  that  the  facts  do  support  this  alternative 
and  that  the  single  retinular  cells  therefore  are  the 
analyzers. 

More  direct  evidence  for  or  against  this  hy¬ 
pothesis  could  be  obtained  if  nerve  impulses  in 
single  optic  nerve  fibers  were  studied  as  a  function 
of  polarization  of  the  stimulating  light.  The  au¬ 
thor  has  conducted  such  exporiments  on  the  lateral 
eye  of  Limulus,  the  horseshoe  crab.'*  In  single 
elements  isolated  in  the  classic  Hartline  manner,* 


the  frequency  of  discharge  was  found  to  vary 
systematically  with  the  plane  of  polarization, 
changing  from  maximum  to  minimum  response  as 
this  plane  moved  through  90°. « 

An  adequate  interpretation  of  these  results  de- 
pofids,  however,  on  a  more  thorough  knowledge 
of  the  functional  organization  of  the  Limulus 
retina  than  we  now  have.  It  has  generally  been 
assumed  that  the  discharges  recorded  in  single 
elements  of  this  (^tic  nerve  are  those  origituiting 
in  one  retinular  cell,  a  single  sensory  element  of 
an  .eye.  Histological  studies  being  carried  out 
by  the  author  (as  yet  unpublished)  make  it  im- 
p)erative  to  test  this  assumption  critically.  The 
optic  nerve  is  clearly  made  up  of  nerve  fibers  of 
three  distinct  size  ranges.  The  (Hies  of  inter¬ 
mediate  diameter,  which  seem  to  be  the  most 
likely  source  of  the  well-studied  single  element 
discharges,  correspxind  in  number  with  the  om- 
matidia  but  not  with  the  retinular  cells,  which  are 
far  more  numerous.  The  need  for  a  fuller  under¬ 
standing  of  the  whole  system  is  therefore  demon¬ 
strated. 

If  the  results  obtained  so  far  are  indeed  the 
responses  of  single  retinular  cells,  they  provide 
pxisitive  suppxirt  for  Autrum’s  hypothesis.  On  the 
other  hand,  if  they  are  discharges  from  the  ex- 
centric  cells  of  the  Limulus  ommatidia,  or  if  they 
are  synchronous  discharges  in  several  or  all  of  the 
retinular  fibers  of  single  ommatidia,  their  inter¬ 
pretation  is  less  obvious.  Only  further  work  can 
resolve  this  dilemma.  It  is  portinent  to  note  that 
in  answering  the  p>articular  question  of  polariza¬ 
tion  analysis  here  raised,  a  number  oi  basic  issues 
in  compound  eye  physiology  will  need  to  be  settled 
by  the  way. 

Although  the  underlying  mechanism  of  polarized 
light  analysis  is  thus  incompletely  known,  it  ii 
px>ssible  to  predict  the  kind  of  optical  system  which 
must  be  found  somewhere  in  ah  eye  with  this 
ability.  Such  a  system  must  px>ssess  two  prtgor- 
ties,  whether  in  the  cornea  and  lens,  or  the  rhab- 
dome  and  retinular  cells.  First  is  birefringence, 
the  pre^rty  shown  by  anisotropic  todies  of  trans¬ 
mitting  light  at  two  different  velocities  deponding 
on  its  polarization.  Second  is  a  means  of  elim¬ 
inating  one  of  these  rays  before  it  emerges  from 
the  birefringent  element.  In  compound  eyes,  the 
first  of  these  requirements  is  met  at  l^t  in  the 
Limulus  eye,  where  the  corneal  lens  (no  crystalline 
cone  is  present)  shows  a  negative  uniaxial  bire¬ 
fringence  with  respoct  to  its  optical  axis  (unpub¬ 
lished  observations  by  the  author).  Chitinous 
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arthropod  integument  in  general  is  birefringent,'* 
and  the  corneal  structures  of  some  crustaceans 
show  a  pattern  of  birefringence  due  to  crystalline 
calcification.* 

The  second  optical  requirement  could  be  met 
either  by  absorbing  one  ray  or  by  reflecting  it  out 
of  the  effective  pathway  of  the  system.  Absorp¬ 
tion  of  one  ray  is  what  happens  in  dichroic  media, 
such  as  tourmaline  crystals  or  polaroid.  Reflec¬ 
tion  of  one  ray  is  what  happens  in  calcite  cut  as  a 
Nicol  prism.  Interesting  evidence  that  the  latter 
process  occurs  in  the  omniatidia  of  a  dipteran 
compound  eye  has  been  found  by  Menzer  and 
Stockhammer.®  The  correlation  of  this  kind  of 
(^tical  data  with  the  sensory  physiology  and 
neurology  of  these  eyes  will  yield  most  important 
results  for  the  problem  at  hand. 

Finally,  it  is  noteworthy  that  polarized  light 
navigation  is  useful  to  man."’  In  the  high  lati¬ 
tudes  of  polar  regions  twilight  lasts  for  long  periods; 
in  the  extreme  case  of  the  geographical  poles  at 
the  time  of  the  equinoxes,  there  is  a  period  of  eight 
days  between  the  final  disappearance  of  the  sun 
and  first  appearance  of  the  brightest  stars.  Dur¬ 
ing  more  than  a  week  then,  no  standard  celestial 
navigation  can  be  used.  Since  the  magnetic  com¬ 
pass  is  quite  unreliable  near  the  earth’s  magnetic 
poles,  the  human  navigator  in  these  high  latitudes 
is  badly  uninformed  on  azimuth.  Obviously,  this 
deficiency  could  be  remedied  easily  during  clear 
weather  if  an  effective  means  of  using  the  polariza¬ 
tion  pattern  of  the  sky  were  devised.  Some 
beginnings  in  this  direction  have  been  made  with 
the  development  of  a  type  of  sky  compass,  utilizing 
this  principle.'®  Improvements  in  such  an  instru¬ 
ment  for  practical  use  appear  to  Ik‘  desirable  and 
not  impossible.  It  is  just  conceivalile  that  the 
lessons  to  be  learned  from  the  polarized  light 
navigation  of  arthropods  will  permit  the  planning 
and  design  of  instruments  an<l  methods  that  will 
aid  man  to  solve  the  same  navigation  problem.**-  “ 
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VIRUSES  AND  CELLS— A  STUDY  IN  TISSUE 
CULTURE  APPLICATIONS* 

I.  Cells  Involved — Availability  and 

SuSCEPTIBILITYt 

By  G.  0.  GEY  AND  F.  B.  BANGJ 

The  use  of  cultured  strains  of  cells  would  appear 
to  provide' adequate  means  of  studying  the  sus¬ 
ceptibility  of  specific  lines  of  cells  to  homologous 
or  heterologous  viruses  under  conditions  which 
permit  some  control  of  the  environment,  and 
more  or  less  direct  observations  of  cell  and  colony 
responses  to  the  effects  of  a  given  virus  or  viruses. 
Simple  continuous  culture  procedures  have  made 
it  possible  for  us  to  maintain  a  wide  spectrum  of 
cell  types  as  uniform  strains  for  years  a  variety 
of  media  substrates.  For  successful  virus  cultiva¬ 
tion  in  cells  from  strain  cultures,  it  would  appear 
to  be  important  to  use  an  homologous  system  of 
media,  cells,  and  virus,  yet  experience  has  shown 
that  this  is  not  necessary  and,  in  some  instances, 
may  not  be  desirable.  Extensive  summaries  on 
the  use  of  tissue  cultures  for  viral  propagation  have 
aipeared,  but  cover  chiefly  the  results  obtained 
with  short  period  survival  of  primary  explants  or 
with  serial  virus  transfer  to  new  primary  explants, 
as  in  the  Maitland  procedure.'  The  review  of 
Robbins  and  Enders*  emphasizes  many  points 
that  those  engaged  in  the  problems  of  continuous 
tissue  cultivation  have  also  stressed  as  important 
for  a  better  understanding  of  virus  growth  in  cells. 
There  appears  to  be  considerable  need  for  a  wider 
extension  of  interest  into  virus-host  cell  and  colony 
relationships,  such  as  those  obtained  in  continuous 
cultures  of  specific  ceH  types.  We  hope  that  the 
evidence  presented  on  the  effects  of  growth  of 
several  viruses  on  continuous  cultures  will  empha^ 
size  the  opportunities  that  are  provided  by  the 
use  of  various  cell  typ^  maintained  in  continuous 
roller  tube  cultures  for  the  study  of  cellular  re¬ 
sponses  to  virus  growth. 

The  study  of  virus  growth  with  specific  cells  in 
continuous  cultures  sometimes  requires  extended 
periods  of  observation  and  serial  treatment  of  cul¬ 
tures  over  long  periods.  When  these  conditions 
prevail,  media  uncontaminated  with  viruses  should 

*  Tlw  research  was  supported  in  part  by  nsnta-in-aid  from  the 
National  Cancer  Institute,  and  the  Nanonal  Microbiolocical 
Institute.  U.S.P.H.S. 

t  This  paper,  illustrated  with  lanteni  slides,  was  presented  at 
the  meetinit  of  the  Section  on  May  U,  19SI. 

t  Qepartmenta  of  Suraery  and  Medicine,  The  Johns  Hopkins 
Hospital  and  University,  Baltimore,  Md. 


be  used.  At  the  present  time,  we  caimot  turn  to 
media  made  up  of  chemically  definable  compo¬ 
nents,  i.e.,  synthetic  media,  since  they  have  thus 
far  not  been  shown  to  be  capable  of  mainlining 
cell  growth.  For  the  maintenance  of  continuous 
cultures,  we  still  need  such  me^  components  as 
plasma,  serum,  and  tissue  extract,  alone  or  in 
various  combinations.  These  constituents  of  ho¬ 
mologous  origin  are  commonly  used  to  maintain 
chick  cells  and  introduce  the  hazard  of  viral 
contamination,  even  when  obtained  from  carefully 
selected  flocks.  Extensive  studies  on  the  growth 
of  Newcastle  virus  in  cultures  require  the  use  of 
media  components  obtained  from  hosts  that  are 
virus  and  antibody  free. 

The  prevalence  of  lymphomatosis  in  flocks  of 
birds  in  general  provides  another  example  of  a 
source  of  contaminating  virus  whose  effects  on 
cells  would  have  to  be  determined  in  any  given 
prolonged  experiment.  The  work  of  the  East 
Lansing  group*-  *  has  demonstrated  the  difficulties 
of  develq>ing  lymphomatosis-free  stock  by  isola¬ 
tion.  It  is  quite  unlikely,  therefore,  that  flocks 
exist  entirely  free  of  this  and  even  other  viruses 
unless  the  “germ-free”  stocks  of  Reyniers*  should 
be  proved  to  be  entirely  “virus-free.” 

The  recent  work  of  Beard  and  associates,*  on 
the  presence  of  a  sedimentable  component  obtained 
from  the  plasma  of  birds  with  avian  leucosis, 
further  complicates  the  problem.  Several  years 
ago  we  observed  an  interruption  in  growth  of  a 
strain  of  chick  macn^hages  with  degeneration  of 
all  cells.  This  event  was  interpreted  as  the  result 
of  the  destructive  ^wth  of  a  contaminating  virus, 
possibly  contributed  by  one  of  the  homologous 
media  components.  Macrophages  are  known  to 
support  viral  growth  in  varying  circumstances.*"*® 
The  electron  micrographs  shown  in  figures  1A 
and  IB  illustrate  that  some  degenerating  cells  oc¬ 
casionally  found  in  stock  or  control  cultures  may 
show  particles  indistinguishable  from  virus.  This 
finding  further  justifies  our  efforts  to  obtain  virus- 
free  media. 

Viruses  have  been  grown  in  an  heterologous 
system  of  media  and  cells"  indicating  the  non¬ 
specificity  for  cell  types  exhibited  by  the  growth 
of  some  viruses.  We  observ^  the  growth  in  and 
the  destruction  of  rat  cells  hv  the  virus  of  lympho- 
pathia  venerea  and  also  the  growth  of  encephalitis 
virus  in  a  rat  cell  strain.'*-  '*  Those  interested  in 
the  wider  use  of  cell  strains  may  be  inclined  to  use 
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Figuke  1A.  Periphcnl  margin  of  chick  embryo  cell  cultivated  in  media  used  for  routine  stock  cultures  and  showing  masses  of  particles 
indistinguishable  from  virus. 


such  readily  available  media  components  as  ox 
serum,  ox  embryo  extract,  horse  serum,  human 
placental  cord  serum,  or. ascitic  fluid.  Their  abun¬ 
dance  and  ability  to  support  growth  of  many  types 
of  cells  appears  to  justify  their  wide  use  for  cell 
cultivation.  When  a  composite  substrate  con¬ 
taining  several  heterologous  components  is  used, 


heterologous  components.  Horse  serum,  for  ez-  ' 
ample,  when  used  as  a  component  of  the  medium, 
introduces  the  hazard  of  swamp  fever  vii;u£  con¬ 
tamination.  This  virus  has  been  known  to  persist 
in  the  blood  of  the  same  host  for  periods  over 
twenty  years.'*  When  media  components  from 
human  sources  are  used,  one  must  take  into  con-  | 


W  if 


the  potential  background  of  contaminating  viruses 
may  be  greater  than  with  homologous  media. 
To  date,  however,  little  is  known  of  the  role  of 
such  contaminating  viruses  when  media  com¬ 
ponents  are  used  for  the  growth  of  cells  homologous 
to  some  components  or  in  any  combination  of 


sideration  the  role  which  the  resistant  hepatitis  s 
virus  might  play  in  any  observed  alteration  of 
cell  growth,  especially  in  an  homologous  system. 
How  fastidious  these  viruses  are  for  specific  cells  | 
and  media  components  is  unknown.  It  would 
seem  desirable,  therefore,  to  devi^  procedures  for  L 
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the  removal  of  viruses  from  natural  media  com-  78®C.  We  have  also  explored  the  value  of  ultra- 

ponents  wherever  there  exists  a  possibility  of  violet  irradiation  in  this  field.  The  most  success- 

natural  or  unnatural  contamination.  ful  results  to  date  were  those  obtained  from  a 

We  have  probed  several  possible  means  of  batch  of  U.V.  irradiated  horse  serum  kindly  pre¬ 
destroying  viruses  in  natural  media  components  pared  for  us  by  Drs.  Hampil  and  Spizizen  of  the 

such  as  plasma,  serum,  and  tissue  extract,  but  as  Medical  Research  Division  of  the  Sharp  Sc  Dohme 

yet  have  found  no  desirable  method  which  retains  Company.  The  results  summarized  m  table  1 
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Figuse  IB.  Large  portions  of  cytoplasm  of  same  cell  destroyed  by  this  “viral”  contaminant. 


j  completely  the  natural  media  components  in  un-  show  that  a  strain  of  rat  malignant  cells  and  their 

altered  form.  The  kind  cooperation  of  Drs.  Brasch  specific  normal  prototypes  can  be  maintained  in- 
'  and  Huber  of  the  Electronized  Chemicals  Corpora-  definitely  in  Capacitron  irradiated  media  when 

[  tion  has  made  it  possible  for  us  to  test  sterilized  given  a  dose  of  approximately  two  and  one-half 

media  components,  following  bombardment  with  million  “rep.”*  This  value  is  far  above  doses 
I  fast  electrons  from  the 'Capacitron*^  at  minus  *  Roentgen  equivalent  physical. 
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demonstrated  to  kill  many  viruses  tested  by  Dr. 
Huber  and  associates.  It  is  apparent  from  table 
1  that  the  malignant  strain  T333  can  grow  better 
in  irradiated  media  than  its  normal  prototype, 
strain  14p.  This  holds  true  for  both  types  of  ra¬ 
diation  used.  No  experiments  on  the  growth  of 
viruses  in  cells  maintained  with  such  media  have 
been  carried  out  so  far. 

It  would  appear  that  simple  filtration  would  rid 
some  media  components  of  viruses  without  altering 
greatly  the  composition  of  the  components  neces¬ 
sary  for  cell  growth.  This  method,  however,  can¬ 
not  be  employed  to  remove  viruses  from  a  viscous 
tissue  extract.  We  have  at  times  considered  the 
use  of  chemical  agents,  including  nitrogen  mustard, 
but  can  offer  no  culture  data  to  justify  their  use 
in  this  connection.  Media  components  which  in¬ 
troduce  viral  antibody  justify  efforts  to  fractionate 
these  components  with  the  object  of  eliminating 


antibody.  *  Media  reconstructed  from  fractions 
and  made  up  as  a  substrate  for  cultured  cells 
definitely  need  further  exploration.  .Apparently, 
the  present  methods  of  fractionation  do  not  guar¬ 
antee  destruction  of  all  viruses. 

The  distribution  and  fate  of  added  viral  antibody 
in  a  tissue  culture  preparation  should  also  be  given 
some  consideration.  We  have  demonstrated  the 
survival  of  virus  in  cultured  cells  in  the  presence 
of  specific  antibody.  Sera  containing  antibody  to 
Newcastle  virus  were  added  to  the  medium  of 
chick  cultures  infected  with  Newcastle  and  were 
observed  to  neutralize  virus  in  the  fluid  medium. 
When  the  antibody  was  progressively  removed  by 
media  renewals,  however,  active  virus  was  again 
produced  by  the  cultured  cells  which  had  harbored 
it  during  the  two  weeks  of  continuous  exposure  to 
antibody.  One  may  postulate,  however,  that  all 
the  cells  in  a  culture  are  not  fully  exposed  to  the 


renewable  substrates.  Cells  bound  up  in  a  semi- 
solid  substrate  evidently  cannot  exchange  high 
molecular  components  or  particles  readily  through 
the  surrounding  gelated  medium.  We  believe  that 
this  is  one  of  tKe  factors  that  influences  the  dis¬ 
semination  of  virus  in  a  cell  culture,  whether  the 
barrier  be  the  gelated  substrate  or  the  intercellular 
ground  substances  produced  between  the  cells 
when  only  a  fluid  medium  is  used. 

As  noted  above,  much  work  has  been  done  on 
the  exposure  of  primary  tissue  explants  to  viruses. 
The  system,  however,  does  not  permit  us  to 
evaluate  specific  host-cell  virus  relationships,  since 
most  primary  explants  contain  a  variety  of  cells. 
Figvres  2  A,  B,  C,  illustrate  some  of  the  cell 
t>’pes  which  proliferate  from  human  embryonic 
liver  following  primary  explantation  and  which 
persist  for  long  periods  thereafter.  The  most 
peripheral  area  of  many  of  these  cultures  may 


show  numerous  young  blood  cells  and  liver  fibro¬ 
blasts.  The  central  area  and  intermediate  zone 
may  show  large  masses  of  liver  cells  or  long  cords 
of  epithelium.  In  other  areas,  dense  cords  of 
capillaries  rich  in  embryonic  blood  appear.  To 
simplify  the  stud^  of  the  availability  and  sus¬ 
ceptibility  of  cells  to  virus,  one  should  use  cultures 
of  uniform  cell  strains  which  permit  a  more  exact 
evaluation  of  cell  and  culture  responses.  We 
have  chosen,  therefore,  to  work  for  the  most  part 
with  strain  cultures. 

Many  stable  strains  of  animal  and  human  cells 
arc  available  that  can  be  grown  easily  for  in¬ 
definite  periods.  few  apparently  stable  cultures 
appear  to  carry  on  for  long  periods  with  more  than 
one  cell  type  present,  such  as  the  symbiotic  rela¬ 
tionship  of  normal  and  malignant  cells.'*  Stable 
strains  of  rnalignant  cells  proNdde  abundant  ma¬ 
terial  for  viral  cultivation  and  in  some  instances 


Table  1 

Growth  of  14p  and  T-333  in  Roller  Tubes  Using  Steriuzed  Media  (100-day  Test  Run)^ 

CapacUron  irradiated 
Dose 


Media 

Control 

Lou* 

Higifi 

U-V  irradiated 

14p 

T-333 

14p 

T-333 

14p  T-333 

14p 

T-333 

B.E.E.* — 10%,  Cord  serum — 

very 

very 

50% 

good 

(40d)» 

good 

(40d)* 

good 

good 

fair  good 

B.E.E. — 10%,  Horse  serum — 

good 

good 

poor 

good 

poor  good 

poor 

good 

-50% 

(35d)* 

(35d)* 

>  Media  which  can  produce  progreasive  growth  with  sub-cultures  for  100  days  demonstrate  sufficient  maintenance  for  continuous  growth. 
«  Low— 2,450,000  "rep". 

•  High— 4,000,000  "rep”. 

•  B.E.E.— Bovine  Embryo  Extract.  ' 

>  Cultivation  of  controls  stopped  at  40  days. 

•  ^ries  repeated  to  check  approximate  5S-day  end-point. 
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provide  an  opportunity  to  compare  the  viral 
susceptibility  of  the  malignant  cells  with  their 
specific  normal  prototypes.  We  have  had  an 
opportunity  recently  to  compare  the  susceptibility 
of  a  twelve-year-old  strain  of  noraial  rat  fibroblasts 
of  strain  14p  (figure  3B)  with  a  ten-year-old 
tumor  cell  derivative  of  this  strain  T-333  (figure 
3A)  when  such  continuous  cultures  are  exposed  to 
the  virus  of  Eastern  Equine  Encephalomyelitis 
(E.E.E.).  These  studies  demonstrate  a  high  degree 
of  susceptibility  of  the  malignant  cell  to  this  virus, 


duced  into  the  fluid  medium.  The  distribution  of  I 

the  cells  8f  normal  strain  14p  is  illustrated  in  « 

FIGURE  4.  Here,  the  cells  exposed  to  undiluted  | 

virus  differ  very  little  in  appearance  from  the  i| 

control  strain.  The  E.E.E.  virus  has  no  dis-  ; 

cemible  eff^t  on  this  normal  cell  strain  and  soon  ^ 

disappears  from  the  cultures.  '  ! 

The  tumor  cell  derivative  T-333  grown  under  ,  ! 
comparable  conditions  shows  a  ready  response  to  I 
the  addition  of  virus  with  the  destruction  of  its  t 
cells  in  a  few  days.  Figures  5A  and  B  illustrate  [ 


FioDu  iA.  High  power  phase  imam  of  ten-year-old  rat 
sarcoma  strain  T-Sii.  Note  large  nudeus,  ring  of  inclusion 
droplets, and  thick  character  of  cells. 


Fiouke  3B.  High  power  phase  image  of  thinly  sprc^ 
normal  adult  rat  mesenchyme  cell  from  twelve-year-old  strain. 
Tliis  specific  normal  prototype  to  cells  shown  in  rtouBt  3A 
spreads  out  more  readily  with  more  prominent  fibrous  struc¬ 
ture,  has  fewer  inclusion  droplets,  and  smaller  nuclei. 


with  very  low  or  no  susceptibility  of  the  normal 
prototype. 

These  and  many  other  cell  strains  grown  in  roller 
tube  cultures  constitute  good  cell  systems  for  the 
evaluation  of  the  destructive  effects  of  viruses  on 
them.  A  simple  fluid  medium  composed  of  50 
per  cent  human  placental  cord  serum  and  10  per 
cent  bovine  embryo  extract  will  grow  many  lines 
of  cells  as  a  single  cell  layer  on  the  glass  wall  of  a 
roller  tube.  Under  these  conditions,  the  cells  are 
apparently  available  to  the  action  of  a  virus  intro- 


the  -difference  in  appearance  between  a  stock  cul¬ 
ture  of  this  strain  and  one  destroyed  by  virus. 
With  such  cells,  although  grown  on  glass  in  a 
fluid  medium,  complete  destruction  of  the  colonies 
is  not  always  attained  (figure  6).  We  have 
attempted  to  evaluate  this  partial  destruction  and 
the  factors  which  may  play  a  part  in  it. 

Under  differing  circumstances,  a  ring  of  de¬ 
stroy^  cells  may  be  seen  surrounding  a  colony 
with  a  translucent  central  area  of  apparently  intact 
cells,  in  cultures  infected  with  destructive  viruses. 
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Figdke  6.  A  culture  of  rat  strain  showing  early  heavy  destruction  of  cells  now  forming  masses  of  cell  casts  and  debris  and  being 
replaced  by  new  sarcoma  cells  emigrating  from  beneath  black  granular  central  area. 


Figuue  7.  Residual  colony  of  normal  adult  muscle  fibroblast  strain  M-2  following  exposure  to  E.E.E.  virus.  The  destroyed  cells  form 
a  dark  necrotic  ring  over  and  around  a  paler  central  area  containing  active  cells  not  yet  destroyed  by  virus. 
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Such  a  progressive  change  in  the  colony  appear¬ 
ance  may  be  seen  in  a  susceptible  strain  of  rat 
muscle  fibroblasts,  strain  M-2,  figure  7,  pre¬ 
viously  infected  with  E.E.E.  virus.  A  similar 
phenomenon  has  been  observed  in  an  homologous 
system  of  media,  cells,  and  virus  with  a  less  intense 
ring  of  cell  destruction  in  colonies  of  a  strain  of 
chick  muscle  fibroblasts  previously  infected  with 
Newcastle  virus.  When  these  highly  susceptible 
chick  cells  are  grown  in  plasmatic  media  and 
exposed  to  this  virus,  mbst  of  the  cells  will  be 
destroyed  within  about  a  week,  but  isolated  strands 


and  will  be  discussed  in  Part  II.  Here  one  must 
consider  the  infected,  degenerating  cells  as  po¬ 
tential  single  virus  units.  Since  the  roller  tube 
does  not  provide  static  conditions,  it  may  be  im¬ 
portant  to  mention  here  experiments  which  demon¬ 
strate  the  localization  of  virus  in  static  slide  cul¬ 
tures.  These  static  cultures  were  composed  of 
thin  colonies  of  rat  malignant  cells,  T-333,  covered 
with  a  static  supernatant  fluid 'to  which  a  few 
LD  50’s  of  encephalitis  had  been  added.  Follow¬ 
ing  a  period  of  incubation,  it  was  possible  to 
demonstrate  focal  necrotic  lesions.  This  would 


Ficuie  8.  Twelve-year-old  strain  of  rat  sarcoma  72  of  >•  rttro  origin.  E.E.E.  virus  grows  in  this  strain  for  airarently  indeSnite  periods 
with  destruction  of  some  cells.  Note  cell  casts  and  large  dead  multi-nucleated  cell  adjacent  to  a  healthy  one.  Many  dividing  cdls  present 


of  cells  buried  in  clot  will  succumb  to  virus  only 
after  the  strands  become  accessible  at  one  point  or 
another,  even  weeks  later.  These  results  demon¬ 
strate  the  inability  of  virus  particles  in  general  to 
penetrate  cell  masses,  either  because  of  the  pres¬ 
ence  of  an  intracellular  matrix,  or  the  gelated 
medium.  A  more  precise  evaluation  of  these 
events  in  terms  of  virus  localization  is  needed. 

Figure  8  shows  small  black  cell  casts  and  one 
large  degenerated  cell  in  a  very  active  colony  of  rat 
sarcoma  strain  72,  known  to  produce  E.E.E.  virus 
during  continuous  cultivation.  This  represents 
an  intermediate  type  of  susceptibility  to  this  virus 


appear  to  provide  a  means  for  titrating  virus  units 
in  a  culture  fluid  and  also  provides  a  possible 
method  of  studying  the  extension  of  virus  in  cell 
cultures. 

From  the  observations  reported  here,  we  cannot 
escape  the  conclusion  that  a  better  understanding 
of  the  cell’s  susceptibility  to  virus  requires  an 
inquiry  at  the  level  of  fixed  cell  systems  as  in  con-  ' 
tinuous  cultures. 
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SOME  CURRENT  VIEWS  ON  THE  ORIGIN 
OF  PERNiaOUS  ANEMIA  AND  THE 
ABSORPTION  OF  VITAMIN  B„* 

‘  By  C.  C.  UNGLEYt 
The  Gastric  Lesion  in  Pernicious  Anemia 

The  essential  underlying  cause  of  Addisonian  ' 
pernicious  anemia  and  of  its  neurological  mani¬ 
festations  is  atrophy  of  the  body  mucosal  region 
of  the  stomach.  The  significance  of  the  gastric 
defect  so  clearly  demonstrated  by  Castle’s  ex¬ 
periments  was  first  recognized  by  Fenwick  as 
long  ago  as  1880.  Only  since  1938,  however,  has 
the  lesion  been  precisely  localized  to  the  body  of 
the  stomach.  Eariy  histological  studies  were  re¬ 
stricted  to  small  pieces  of  stomach  and  the  findings 
were  often  vitiated  by  postmortem  change.  Fa¬ 
ber  and  Bloch  (1900)  overcame  the  latter  diffi¬ 
culty  by  instilling  formalin  through  the  stomach 
tube  soon  after  death. 

Magnus  and  I  (1938)  applied  early  formalin 
fixation  to  the  study  of  stomachs  in  pernicious 
anemia.  By  the  “Swiss  roU”  technique  (cutting 
and  rolling  long  strips  of  stomach  from  various 
regions),  we  were  able  to  examine  large  areas  and 
to  define  the  nature  and  distribution  of  the  lesion. 
The  lesion  is  a  remarkable  one.  To  date,  nothing 
quite  like  it  has  been  found  except  in  pernicious 
anemia.  By  means  of  photographs,  we  showed 
the  thickness  of  the  normal  mucosa  of  the  body  of 
the  stomach,  with  long  tubular  glands,  which  pro¬ 
duce  acid,  pepsin,  and  (in  man)  probably  the  in¬ 
trinsic  factor  of  Castle.  We  also  depicted  the  thin 
atrophic 'mucosa  of  the  body  of  the  stomach  in 
pernicious  anemia,  showing  how  the  normal  gland¬ 
ular  structure  is  replaced  by  low-grade  “intestinal” 
epithelium. 

The  atrophy,  which,  in  the  body  of  the  stomach, 
involves  not  only  the  mucosa  but  the  muscular 
coats,  stops  abruptly  at  the  margin  of  the  pyloric 
region.  In  the  pyloric  gland  area,  both  mucosa 
and  muscle  are  of  normal  thickness  and  appearance. 

Of  interest  in  relation  to  the  gastric  lesion  is  the 
occurrence  of  benign  adenomatous  polyps.  In 
one  series  of  cases  of  pernicious  anemia,  the 
incidence  of  gastric  polyps  was  as  high  as  7  per 

*  ThU  {»per,  illuftnted  with  Untern  flide«,  wm  presented  at  t 
•pedal  meetlof  of  the  Section  on  June  U,  I9SI.  Some  of  the  views 
expressed  here  are  speculations  rather  than  accepted  facts.  They 
are  put  forward  merely  as  a  working  hypothesis  to  stimulate 
critidsm  and  discussion. 

t  Royal  Victoria  Infirmary,  Newcastle-upon-Tyne,  Northum- 
berland,  Engiand. 


cent.  Moreover,  a  follow-up  of  patients  with 
gastric  polyps  shows  that  most  have  achlorhydria, 
while  many  have  pernicious  anemia  or  develop  it 
later.  There  is  no  reason  to  believe  that  the 
polyps  cause  pernicious  anemia  or  that  pernicious 
anemia  causes  polyps.  The  two  conditions  seem 
to  develop  independently  on  the  same  sofl,  and 
either  may  precede  the  other  by  many  years.  The 
polyps,  which  may  be  single  or  multiple,  arise  not 
only  from  the  atrophic  mucosa  of  the  body  of  the 
stomach  but  from  the  pylorus  region  also.  The 
frequency  with  which  these  polyps  undergo  malig¬ 
nant  change  may  account  for  some  of  the  cases  in 
which  pernicious  anemia  and  carcinoma  of  the 
stomach  are  found  together. 

We  have  found  no  evidence  that  the  gastric 
lesion  in  patients  with  pernicious  anemia  and 
subacute  combined  degeneration  is  any  more  ex¬ 
tensive  than  in  uncomplicated  pernicious  anemia. 
We  found  a  high  incidence  of  subacute  combined 
degeneration  in  a  small  series  of  cases  of  gastric 
polyposis,  but  this  was  probably  fortuitous. 

The  atre^hy  persists  despite  prolonged  liver 
therapy .  (Wood,  1951;  Magnus  and  Ungley,  un¬ 
published)  and  is  probably  irreversible.  Histo¬ 
logically,  the  lesion  seems  to  be  non-inflammatory. 
Although  pernicious  anemia  is  sometimes  associ¬ 
ated  with  a  disorder  of  the  pituitary  or  of  the 
thyroid  (either  myxoedema  or  hyperthjnxiidism) 
there  is  no  evidence  that  the  gastric  lesion  is  of 
endocrine  origin.  Nutritional  deficiency  may  give 
rise  to  achlorhydria,  but  not,  as  far  as  we  know,  to 
gastric  atre^hy  of  the  type  found  in  pernicious 
anemia. 

The  racial  and  familial  incidence  of  pernicious 
anemia,  taken  in  conjunction  with  the  peculiar 
nature  of  the  lesion,  suggest  that  the  latter  may  be 
a  genetically-determined  abiotrophy. 

Geographically,  the  disease  occurs  chiefly  in 
North-east  Europe  and  North  America.  The  races 
most  alleged  are  Scandinavians  and  those  of 
British  stock.  Chinese  and  Indians  are  affected 
extremely  rarely.  The  incidence  amongst  the  ne¬ 
groes  in  North  America  is  much  lower  than  in  the 
white  population. 

In  the  affected  races,  there  is  a  strong  familial 
tendency.  An  example  is  shown  in  the  family 
tree  which  represents  the  incidence  of  pernicious 
anemia  and  subacute  combined  degeneration  in  the 
Watson  family  (Ungley  and  Suzman,  1929).  The 
inherited  factor  is  not  gastric  atrophy,  but  a 
tendency  to  develop  this  atrophy  in  later  life. 
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The  incidence  of  pernicious  anemia  increases  with 
age.  This  is  not  shown  when  cases  are  grouped 
simply  into  decades,  but  becomes  obvious  when 
they  are  related  to  the  number  of  persons  alive  in 
each  age  group.  The  incidence  of  achlorhydria  is 
high  among  the  relatives  of  patients  with  pernicious 
anemia  and  this  too  increases  with  increasing  age. 

It  is  remarkable  that  we  do  not  know  the  nature 
of  the  lesion  underlying  simple  achlorhydria  with¬ 
out  anemia.  Judging  from  the  findings  with  hista¬ 
mine  test  meals,  there  is  no  difference  in  the  degree 
of  gastric  defect  in  respect  of  total  acid,  pepsin, 
volume  of  juice  or  ability  to  excrete  neutral  red. 
One  difference  is  that  the  gastric  juice  of  patients 
with  simple  achlorhydria  contains  intrinsic  factor, 
that  is  to  say,  when  the  juice  is  incubated  with 
beef  muscle  or  other  source  of  extrinsic  factor,  the 
material  is  effective  in  pernicious  anemia,  whereas 
this  is  not  true  of  juice  from  patients  with  per¬ 
nicious  anemia. 

The  gastric  atrophy  probably  leads  to  pernicious 
anemia  by  a  dual  mechanism:  (a)  loss  of  Castle’s 
intrinsic  factor  leads  to  impaired  absorption  of 
vitamin  Bit  from  ingested  foods,  and  thus  to 
depletion  of  vitamin  Bu  from  the  tissues  and  from 
the  blood;  and  (b)  achlorhydria  (and  perhaps  the 
loss  of  other  constituents  such  as  Bu-binding  sub¬ 
stances  and  enzymes)  leads  to  a  reduction  of  the 
anti-bacterial  effect  normally  exerted  by  gastric 
juice.  As  a  result,  bacteria  proliferate  and  migrate 
to  higher  levels  of  the  small  intestine.  These  bac¬ 
teria,  acting  in  an  environment  rendered  abnormal 
by  the  lack  of  gastric  acid  and  enzymes,  are  prob¬ 
ably  responsible  for  the  production  of  a  toxic  factor 
or  inhibitor  (see  below). 

In  addition,  certain  bacteria,  e.g.,  B.  colt,  in  the 
small  intestine  may  take  up  vitamin  B12,  of  which 
the  host  is  thus  deprived.  I  do  not  believe,  how¬ 
ever,  that  pernicious  anemia  can  be  explained 
solely  on  the  basis  of  a  nutritional  deficiency. 

Toxic  and  Haemolytic  Aspects  of  Pernicious 
Anemia 

The  dramatic  improvement  in  appetite  and 
wellbeing,  disappearance  of  pyrexia,  the  relief  of 
sore  tongue  and  gastro-intestinal  disturbances  of¬ 
ten  occur  before  the  red  cell  count  has  altered  ap¬ 
preciably.  Relieving  the  anemia  by  transfusion 
does  not  have  the  same  effect.  These  phenomena 
might  be  due  either  to  relief  of  a  nutritional 
deficiency  or  to  the  cessation  of  a  toxic  effect. 

Even  a  complete  and  sudden  cessation  of  eryth- 


ropoiesis  could  not  produce  the  very  rapid  drop  ' 

in  red  cell  count  observed  in  some  patients  in  I 

severe  relapse.  Destruction  of  poorly-formed  red  I 
cells  is  insufficient  as  an  explanation,  for  in  these  I 
exceptional  cases  even  transfused  cells  from  nor-  I 
mal  donors  are  rapidly  eliminated  (Ungley  and  i 
Walker,  unpublished).  On  the  other  hand,  cells  . 
transfused  during  a  remission  or  even  during 
moderate  or  mild  relapse  seem  to  survive  for  a  ■ 
normal  length  of  time  (90  to  120  days).  In  six  I 
patients  with  excessive  haemolysis  (three  with  I 
pernicious  anemia,  two  with  megaloblastic  anemia  I 
of  pregnancy,  and  one  with  sprue  syndrome), 
there  was  a  dramatic  change  to  a  normal  rate  of  ' 
elimination,  which  in  five  cases  occurred  within 
two  weeks  of  giving  vitamin  Bit  or  folic  acid.  One 
possibility  is  that  vitamin  B12  and/or  folic  acid  j 

prevented  the  production  of  an  haemolytic  agent  J 

or  were  concerned  in  its  detoxication. 

Rhoads  et  al.  (1938)  found  that  indol  adminis¬ 
tered  to  dogs  on  a  diet  deficient  in  the  vitamin-B  ; 
complex  had  an  haemolytic  effect,  whereas  no  such  ^ 
effect  was  observed  in  dogs  receiving  a  normal  ^ 
diet.  j 

It  may  be  relevant,  too,  that  the  urinary  excre-  ' 
tion  of  certain  phenolic  compounds  is  excessive  in 
relapse  and  becomes  normal  after  treatment  with  I 
liver  extracts  or  vitamin  B12  (Swendseid  et  al., 

1947;  Abbott  and  James,  1950).  Liver  slices  1 
from  rats  deficient  in  folic  acid  failed  to  metabolize  . 
tyrosine  completely  until  folic  acid  was  added  , 

(Rodney  et  al.,  1949).  Intermediary  products  of 
tyrosine  metabolism  include  phenolic  substances.  J 

The  existence  of  a  substance  which  inhibits  nor-  j 
mal  erythropoiesis  in  the  plasma  of  patients  suf-  1 
fering  from  pernicious  anemia  in  relapse  was  dem-  ^ 
onstrated  by  Ruszny4k  et  al.  (1948),  and  has  since  I 
been  confirmed  (Lajtha,  1950;  Thompson,  1950). 

Such  plasma  not  only  inhibits  the  maturation  of 
megaloblasts  in  cultures  of  megaloblastic  marrow, 
but  can  even  lead  to  the  production  of  megalo-  ' 
blasts  in  cultures  of  normal  marrow.  The  nature 
of  the  substance  is  unknown;  after  vitamin  Bn 
therapy,  it  disappears.  Its  presence  in  cerebro¬ 
spinal ’fluid  suggests  that  it  may  be  ultrafiltrable. 

It  was  not  destroyed  by  heating  for  one  to  two  ^ 
hours  at  5(i°C.  (Lajtha,  1950). 

The  origin  of  the  factor  can  only  be  surmised. 
Megaloblastic  anemia  associated  with  intestinal 
stenosis,  blind  loops  or  blind  sacs,  seems  to  occur 
only  if  a  portion  of  gut  is  stagnant  and  infected. 

In  experimental  animals,  there  may  be  a  long 
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latent  period  before  the  onset  of  anemia.  A 
working  hypothesis  is  that  materials  are  formed 
in  the  stagnant  loop  which  in  some  way  interfere 
with  the  formation,  absorption,  or  utilization  of 
haematinic  principles  (Watson  ei  al.,  1948).  Ung- 
ley  (1950)  suggests  that  an  inhibiting  agent  pro¬ 
duced  in  the  stagnant  portion  of  gut  is  detoxicated 
in  the  intestinal  wall  or  in  the  liver  by  (postulated) 
enzymes  of  which  folic  acid  and/or  vitamin  B12 
form  the  prosthetic  groups.  This  leads  to  an  in¬ 
creased  demand  for  one  or  both  nutrients,  the 
stores  of  which  are  gradually  depleted.  When  de¬ 
pletion  reaches  a  certain  level,  detoxication  fails 
and  the  animal  suddenly  becomes  anemic  and  ill. 
In  rats,  at  least,  haemolysis  was  a  feature  of  the 
disorder,  which  could  be  prevented  by  antibiotics 
(Toon  and  Wangensteen,  1950)  and  cured  either 
by  aureomycin  or  by  folic  acid  (Witts,  1951). 

In  pernicious  anemia,  too,  the  inhibiting  agent 
may  arise  in  the  small  intestine,  for  bacteria 
flourish  there  in  a  medium  rendered  abnormal  by 
the  absence  of  gastric  acid  and  enzymes.  On  this 
hypothesis,  fluctuations  in  the  production  and  de- 
to.xication  of  this  agent  could  be  responsible  for 
spontaneous  relapses  and  remissions. 

The  toxic  agent  could  be  responsible  not  only 
for  the  megaloblastic  changes  in  the  marrow  but 
also  for  the  glossitis  and  the  damage  to  the  nervous 
system. 

Early  lesions  in  the  central  nervous  system  in 
pernicious  anemia  are  patchy  in  distribution  and 
often  related  to  blood  vessels.  They  suggest  the 
presence  of  a  substance  destructive  of  myelin 
rather  than  a  simple  lack  of  some  essential.  Sub¬ 
acute  combined  degeneration  of  the  cord  occurs  in 
a  surprisingly  high  proportion  of  patients  with 
megaloblastic  anemia  due  to  stenosis  or  blind  loops 
of  small  intestine,  even  though  free  hydrochloric 
acid  may  be  present  in  the  gastric  secretion.  It  is 
therefore  possible  that  intestinal  bacteria  play  a 
part  in  inducing  megaloblastic  anemia  and  spinal 
degeneration  in  pernicious  anemia  and  that  their 
activities  are  offset  by  vitamin  B12  (Witts,  1951). 

Both  vitamin  B12  and  folic  acid  are  necessary 
for  normal  haemopoiesis.  In  pernicious  anemia, 
although  the  real  deficiency  is  of  vitamin  B12, 
giving  of  folic  acid  is  temporarily  effective;  perhaps 
it  facilitates  the  utilization  of  remaining  stores  of 
vitamin  B12,  the  depletion  of  which  is  thereby  ac¬ 
celerated.  When  depiction  reaches  a  certain  level, 
folic  acid  becomes  ineffective;  relapse  supervenes, 


which  may  be  haematological,  lingual  or  neuro¬ 
logical. 

Absorption  and  Utilization  of  Vitamin  Bu 

The  latest  advances  in  this  field  are  due  largely 
to  the  work  of  two  investigators;  Lajtha,  who  de¬ 
veloped  the  technique  of  culturing  megaloblastic 
marrow,  and  Ross,  who  applied  the  Euglena  assay 
to  the  determination  of  vitamin  B12  in  serum.  I 
am  fortunate  in  having  the  collaboration  of  Ross 
in  my  studies  on  intestinal  absorption  of  vitamin 
Bi2,  and  of  R.  B.  Thompson,  who  in  my  labora¬ 
tory  has  confirmed  most  of  Lajtha’s  findings. 

Free  vitamin  B12  added  to  marrow  culture  has 
no  maturing  effect  on  the  megaloblasts,  whereas 
vitamin  B12  combined  with  a  thermolabile  sub¬ 
stance  in  gastric  juice  is  effective.  The  complex 
thus  formed  by  admixture  of  gastric  juice  and 
vitamin  B12  is  microbiologically  inactive.  Heat¬ 
ing  splits  off  the  vitamin  and  renders  it  available 
to  the  test  organism,  but  destroys  the  megaloblast¬ 
ripening  property  of  the  complex. 

Serum  from  normal  persons  and  from  treated 
patients  with  pernicious  anemia  contains  bound 
vitamin  B12  and  is  effective  in  marrow  culture. 
Heating  releases  the  vitamin  and  makes  it  avail¬ 
able  to  the  test  organism,  Euglena  gracilis.  Serum 
from  patients  with  pernicious  anemia  contains 
little  or  none  and  is  inactive  in  marrow  culture. 
During  treatment  there  is  a  close  correlation  be¬ 
tween  the  level  of  bound  vitamin  B12  in  serum  and 
the  state  of  maturation  of  red  ceil  precursors  in 
the  bone  marrow  (Mollin  and  Ross,  1951). 

Callender  and  Lajtha  (1951)  believe  that  the 
substance  to  which  vitamin  B12  becomes  bound  in 
serum  is  the  same  as  Castle’s  intrinsic  factor.  But 
free  vitamin  Bj2  is  effective  even  when  admin¬ 
istered  parenterally  to  patients  with  pernicious 
anemia,  who,  in  any  case,  secrete  little  or  no  in¬ 
trinsic  factor  in  their  gastric  juice.  Callender  and 
Lajtha  therefore  postulate  an  extra-gastric  source 
of  “intrinsic  factor”.  The  substance  is  not  circu¬ 
lating  in  the  plasma  of  patients  with  pernicious 
anemia,  for  such  plasma  does  not  potentiate  the 
effect  of  vitamin  B12  added  to  marrow  cultures. 
Even  normal  serum  is  probably  not  a  source  of 
free  intrinsic  factor,  for  it  has  no  potentiating  effect 
when  administered  orally  with  vitamin  Bi2  (Cox 
and  Ungley,  unpublished). 

Where  then  does  the  binding  take  place?  The 
clue,  I  think,  is  the  difference  in  fate  of  orally- 
administered  and  injected  vitamin  Bi2.  When  103 


28 


TRANSACTIONS 


ftg.  is  injected  intramuscularly,  large  amounts  cir¬ 
culate  free  for  about  eight  hours  and  much  escapes 
in  the  urine.  After  eight  hours,  most  of  the  vita¬ 
min  Bi2  in  serum  is  bound  and  urinary  elimination 
is  slight. 

When  large  doses  of  vitamin  Bia,  e.g.,  3,(XX)/ig., 
are  given  orally  to  patients  with  pernicious  anemia, 
the  haemopoietic  effects  are  equivalent  to  those 
expected  from  the  injection  of  20Mg.  to  40/ig.  and 
sometimes  of  80  to  IbO^tg.  Yet  ver>’  little  escapes 
in  the  urine.  The  same  is  true  after  oral  adminis¬ 
tration  of  large  doses,  in  normal  persons.  This  is 
not  due  only  to  slower  absorption,  for  the  peak  of 
elimination  occurs  at  about  the  same  time  as  after 
parenteral  adminis,  .'ation  (Cuthbertson,  1951). 

The  suggestion  is  that  the  orally-administered 
vitamin  Bu  is  effectively  bound  almost  as  quickly 
as  it  is  absorbed. 

The  pattern  of  excretion  after  vitamin  Bu  is 
injected  into  the  mesentery  does  not  differ  from 
that  after  intramuscular  injection  (Chalmers, 
Cuthbertson,  Pegler  e/  a/.,  1951),  suggesting  that 
liver  does  not  take  up  or  modify  large  amounts  of 
free  vitamin  B12. 

Experiments  are  in  progress  (with  £.  V.  Cox, 
G.  I.  M.  Ross  and  B.  Schofield),  in  which  free 
vitamin  Bi2  is  administered  orally  in  animals  or 
in  patients  undergoing  laparotomy,  to  determine 
whether  the  level  of  Ijound  vitamin  B12  rises  higher 
in  the  mesenteric  and  portal  blood  than  in  the 
hepatic  and  systemic  blood.  Results  are  con¬ 
flicting  and  much  more  work  is  necessary,  but  at 
present  our  working  hypothesis  is  still  that  vitamin 
Bi2  is  bound  in  the  wall  of  the  intestine  as  it  is 
absorbed.  Should  this  prove  to  be  correct,  an  in¬ 
triguing  possibility  is  that  the  substance  which 
binds  vitamin  B12  is  formed  there  under  the  influ¬ 
ence  of  free  vitamin  Bi2  just  as  apoferritin  is 


thought  to  be  formed  in  the  intestinal  cells  during 
the  absorption  of  iron.  When  one  considers  the 
rdle  of  vitamin  Bu  in  the  synthesis  of  methyl 
,  groups,  this  hypothesis  seems  to  be  less  improb¬ 
able. 
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P-TECHNIQUE,  A  NEW  METHOD  FOR 
ANALYZING  THE  STRUCTURE  OF 
PERSONAL  MOTIVATION*  . 

By  RAYMOND  B.  CATTELLf 

The  dissection  of  human  motivation  is  a  very 
ancient  art  and  in  the  last  half-century,  particu¬ 
larly  through  psychoanalysis,  it  has  also  acquired 
some  claims  to  being  a  science.  Few  research 
psychologists,  however,  would  accept  as  adequate 
the  alleged  pragmatic  proof  of  the  truth  of  psy¬ 
choanalysis,  and  most,  I  think,  would  also  agree 
that  the  attempts  at  experimental  work  on  psy¬ 
choanalytic  and  dynamic  concepts  have  failed,  by 
reason  of  certain  systematic  weaknesses,  to  be 
very  conclusive. 

If  one  seeks  for  the  causes  of  this  comparative 
failure,  he  will  sooner  or  later  be  led  to  the  con¬ 
clusion  that  the  major  methodological  weakness 
lies  in  the  inability  to  define  and  measure  precisely 
the  individual  “tensions”  or  forces  about  which 
the  dynamic  psychologist  talks.  What  behaviors, 
in  fact,  do  express  the  sex  drive,  the  ego,  or  the 
super  ego?  How  may  one  substantiate  such  an 
assertion  as  one  that  the  patient  is  suffering  from 
defective  ego  development,  or  that  super-ego  ac¬ 
tion  has  become  excessive?  The  classical  experi¬ 
mental  method  of  control  and  quantitative  obser- 
\'ation  of  variables  in  single  pairs  practically  never 
can  be  applied  to  the  total  organism  in  its  natural 
life  situation,  and  I  think  we  achieve  a  mature 
perspective  of  our  methodological  difficulties  only 
when  we  realize  that  a  quite  different  and  essen¬ 
tially  wholistic  approach  must  be  made. 

The  clinician,  of  course,  makes  a  wholistic  ap¬ 
proach,  but  it  is  not  a  quantitative  one.  In  the 
last  twenty  years,  however,  a  statistical  method 
has  developed,  namely,  multiple  factor  aiudysis, 
which  enables  us  to  get  the  relation  in  a  global 
mass  of  variables  with  the  precision  of  experiment, 
but  without  the  classical  experimentalists’  pro¬ 
cedure  of  control  or  manipulation,  and  also  with¬ 
out  their  piecemeal  atomicity  of  “pairs”  of  de¬ 
pendent  and  independent  variables. 

I  do  not  claim  that  factor  analysis  is  the  com¬ 
plete  answer  necessary  for  a  wholistic  handling  of 

*  Thu  paper  wu  presented  at  the  meetinc  of  the  Section  on 
October  1$,  1951. 
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the  individual  in  his  environment.  Still  less  do  I 
argue  that  it  is  yet  free  of  certain  limitatioiti  as  a 
mathematical  model  or  a  practical  statistical  pro¬ 
cedure.  It  lacks  perfection,  notably  m  its  ina¬ 
bility  to  deal  with  curvilinear  relations  and  in  its 
danger  of  confusing  first  and  second  order  factors. 
It  is,  however,  capable  of  solving  problems  to  a 
first  level  of  approximation,  which  we  are  other¬ 
wise  quite  unable  to  handle  by  scientific  method, 
by  reason  of  the  defects  of  controlled  experiment. 
Indeed,  it  does,  in  an  explicit  and  quantitative 
fashion,  with  machine  aids,  precisely  what  most 
clinicians  and  sociologists  are  doing  in  their  heads. 
They  likewise  observe  a  wide  array  of  variables 
and  look  for  signs  of  covariation,  but  they  do  so 
with  fallible  memories,  intuition,  and  confusion! 

The  eiq>eriments  I  am  about  to  describe  began 
with  this  theoretical  realization;  but  they  were  en¬ 
couraged  also  by  the  practical  success  whifdi  factor 
analysis  has  achieved  over  the  last  fifteen  )rear8  in 
structuring  abilities  and  in  determinlBg  person¬ 
ality  dimensions  of  a  non-dynamic,  or,  at  least,  a 
temperamental  and  general  nature.  These  per¬ 
sonality  dimensions,  it  is  true,  have  not  yet  re¬ 
ceived  ample  use  and  illustration  in  clinical  psy¬ 
chology.  The  chief  reason  for  this,  t.e.,  the  chief 
reason,  if  I  may  say  so,  beyond  the  psychiatrist’s 
ignorance  of  the  meaning  of  the  statistics,  is  that 
these  factors  are  statements  about  the  average 
person,  whereas  the  clinician  wants  statements 
about  the  dynamics  of  a  particular  person. 

In  ordinary  factor  anal}rsis,  which  has  been 
called  R-technique,*  one  correlates  variables  using 
the  “individual  difference”  variance  in  a  popula¬ 
tion  of  persons.  The  resulting  factor  loadings  are 
statements  concerning  the  extent  to  which  par¬ 
ticular  variables  are  associated  with  a  given  factor 
for  that  sample  of  the  population,  and,  by  infer¬ 
ence,  for  the  population  generally.  In  personality 
theory,  the  pattern  of  loadings  for  such  a  factor 
would  be  said  to  define  a  common  trait.  The 
uniqueness  of  an  individual,*  it  is  true,  can  be 
expressed  in  terms  of  a  unique  combination  of  such 
R-technique  factors,  but  the  clinician  is  rigdit  in 
asserting  that  this  does  not  describe  all  the  unique¬ 
ness  in  which  he  is  interested,  and  this  is  particu- 
^larly  true  of  dynamic,  motivational  traits.  For  ^ 
example,  an  R-technique  factorization  of  interests 
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I  shows  that,  for  the  average  adolescent,  interest  in 
<:  attending  movies  is  highly  loaded  in  a  factor  which 

1  can  be  identified  as  tfie  sex  drive,®’ ''  but  we  should 
not  like  that  common  factor  loading  to  be  un- 

2  questionably  applied  to  us  as  individuals  whenever 
we  state  an  intention  to  go  to  the  movies.  In  the 
chief  applied  psychology  of  motivation,  namely, 
in  clinical  psychology,  this  objection  applies  a 
fortiori,  for  the  patient  is,  by  definition,  motiva- 
tionaUy  queer. 

Faced  with  this  defect  of  R-technique  factori¬ 
zation,  I  suggested  in  1946®  a  new  experimental 
design  for  factor  analysis,  called  P-technique,  the 
factorization  of  the  single  person.  The  individual 
^  is  measured  on  much  the  same  sort  of  variables  as 
<  one  would  use  in  an  R-technique  personality  study, 
but  the  testing  is  repeated  from  day  to  day  for 
perhaps  100  days.  If  a  measure  of  interest  in 
food,  for  example,  rises  and  falls  over  this  series  of 
occasions,  sympathetically  with  a  measure  of  anx¬ 
iety,  for  example,  then  we  conclude  that  this 
interest  in  eating  is  partly  an  expression  of  anxiety, 
or  vice  versa.  Indeed,  we  correlate  the  variables 
to  get  a  correlation  matrix  similar  to  an  R-tech¬ 
nique  matrix,  except  that  it  is  specific  for  the  in¬ 
dividual  and  its  entries  are  constituted  by  a  series 
of  occasions  instead  of  a  series  of  people.  When 
this  matrix  is  factored  and  rotated  for  simple 
structure,  we  should  expect,  on  theoretical  grounds, 
that  the  factors  would  correspond  to  unitary  traits 
as  they  are  patterned  in  that  individual,  though 
we  should  also  expect  these  to  have  some  resem- 
?!  blance,  in  outline,  to  common  source  traits. 

'  Before  citing  the  experimental  verdicts  on  these 
.  expectations,  I  would  like  to  point  out  to  the  stat- 
«  istician  the  peculiar  fact  that  we  are  here  trying 
to  use  as  meaningful  variance  what  has  previously 
been  thrown  away  as  error.  We  have,  as  it  were, 
extracted  a  little  more  pure  metal  from  the  dross 
of  accident.  Of  course,  it  has  always  been  ac¬ 
cepted  that  the  variation  from  one  testing  to  an¬ 
other  in  a  psychological  measurement,  which  psy¬ 
chologists  assess  in  the  reliability  coefficient,  is 
p>artly  function  fluctuation,®®  as  well  as  partly  true 
experimental  error;  but  some  psychologists  of 
repute  declined  to  believe  at  first  that  P-technique 
would  yield  anything  but  a  factorization  of  error. 
Actually,  if  function  fluctuations  had  proved  too 
small  a  fraction  of  the  total  “error  variance,”  we 
^  could  have  brought  it  in  more  strongly  by  com- 
)>  bining  factor  analysis  with  experimental  control, 

I  stimulating  the  subject  from  occasion  to  occasion 
j  by  various  conditions,  but  this  proved  unnecessary. 


The  outcome  of  P-technique  research  in  regard 
to  general  personality  factors  is  now  just  suf¬ 
ficiently  explored  by  four  published  re¬ 
searches*-  *’  *•  '*  to  permit  us  the  generalization 
that  it  does  yield  the  same  general  factors  as 
R-technique,  though  with  some '  loadings  idiosyn¬ 
cratic  to  the  subject  and  with  a  different  order  of 
mean  magnitude  of  variance  of  the  factors.  For 
example,  general  intelligence  is  a  large  factor  in 
individual  differences,  but  a  barely  perceptible 
one  in  P-technique,  because  it  seems  to  vary  so 
little  from  day  to  day. 

However,  our  special  interest  in  this  article  is 
not  P-technique  in  general,  but  P-technique  in 
relation  to  the  peculiar  potency  which  has  been 
found  for  it  in  structuring  dynamic  traits,  so  this 
glance  at  the  general  background  must  suffice. 
With  so  much  to  cover,  I  shall  not  pause  to  discuss 
the  precise  definition  of  a  dynamic  trait,  though  I 
believe  such  is  possible,®  but  shall  assume  that  we 
mean  desires,  interests,  attitudes,  drives,  senti¬ 
ments  and  complexes. 

It  is  hard  for  an  honest  psychologist,  if  such 
there  be,  to  confess  publicly  how  little  of  the  dy¬ 
namic  structure  of  the  average  personality  is  sci¬ 
entifically  known  and  agreed  upon,  as  distinct 
from  clinically  presumed.  Psychologists  cannot 
even  agree  about  the  number  and  nature,  even  the 
existence  or  non-existence,  of  drives.-  If  drives 
exist  as  unitary  traits,  however,  surely  the  factor 
analysis  of  dynamic  variables  ought  to  reveal  them. 
It  might  be  expected  also  to  reveal  patterns  corre¬ 
sponding  to  those  organized  systems  of  attitudes 
which  we  call  sentiments  and  complexes.  Two 
R-technique  factorizations,*  ■  *  initially  using  a  set 
of  50  diverse  attitudes,  have  already  been  pub- 
li^ed,  showing  that  factors  corresponding  to  the 
chief  hypothesized  drives  emerge  and  that,  at  any 
rate,  one  sentiment,  the  self-sentiment  pattern, 
can  also  be  detected.  It  seemed  desirable  at  this 
point  to  reproduce  the  same  variables  and  make  a 
P-technique  factorization,  in  order  that  the  simi¬ 
larity  of  the  patterns  could  be  tested  exactly. 
The  drives  are  so  universally  human,  even  mam¬ 
malian,®  that  we  should  expect  the  same  patterns 
to  emerge.  At  the  same  time,  we  should  expect 
individual  peculiarities  of  loading  in  the  P-tech- 
nique  analysis  which  would  agree  with  clinical 
perceptions'®  of  special  fixations  of  the  drives. 

Parenthetically,  I  shaU  use  the  term  erg,  from 
the  Greek  root  for  work  or  energy,®  because  it  is 
our  hypothesis  that  the  main  patterns  with  which 
we  are  dealing  are  sources  of  energy  of  reactivity 
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to  stimuli.*  This  term  is  used  instead  of  drive, 
propensity,  need,  or  tension,  because  these  “bor¬ 
rowed,”  popular  terms  drag  in  all  manner  of  pop¬ 
ular  misunderstandings.  It  is  our  intention  to 
make  a  clean  start  with  a  new  method,  and  to  use 
an  operational  concept  defined  initially  as  a  uni¬ 
tary  pattern  in  dynamic  traits  found  by  factor  anal¬ 
ysis.  Our  hypothesis  ultimately  extends  further, 
however,  in  supposing  that  research  may  also 
demonstrate  that  this  pattern  is  connected  with 
an  innately-given  final  goal. 

In  the  present  study,  we  took  the  ergic  patterns 
already  demonstratec^  in  the  two  R-technique 
studies  and  represented  each  by  at  least  two  atti¬ 
tudes,  namely,  those  most  highly  loaded  in  the 
given  factor.  This  is  the  minimum  necessary  to 
locate  a  factor;  more  would  have  made  the  length 
of  the  individual  testing  too  great.  We  also  took 
three  marker  variables  for  the  only  metanerg  or 
sentiment  previously  found,  namely,  the  self-re¬ 
garding  sentiment.  By  way  of  illustration,  the 
escape  or  fear  erg  was  represented  by  two  atti¬ 
tudes:  “I  want  America  to  get  more  protection 
from  the  terror  of  the  atom  bomb,”  and  “I  want 
never  to  be  an  inmate  in  a  mental  hospital.”  The 
above  mentioned  self  sentiment  was  represented 
by  the  following  three  attitudes:  “I  want  never  to 
do  anything  that  will  damage  my  sense  of  self 
respect,”  “I  want  a  will  power  sufficient  to  control 
my  emotions,”  and  “I  want  to  command  a  good 
reputation  among  people  in  my  circle.”  These 
choices,  it  should  be  noted,  have  passed  two  tests. 
First,  they  are  attitudes  which,  on  clinical,  psy¬ 
chological  grounds,  would  be  expected  to  involve 
a  great  deal  of  the  erg  in  question.  That  is  to 
say,  their  content  indicates  either  fear,  sex,  or 
parental  protective  intention,  et  cetera.  Secondly, 
the  hypothesis  has  already  been  checked  by  the 
R-technique  research,  where  they  have  been  found 
to  come  together  in  a  factor  with  that  general 
meaning,  and  in  no  other  factor.  As  a  typical 
R-technique  factor,  we  will  take  that  which  we 
have  interpreted  as  the  parental-protective  erg, 
similar  to  Murray’s  and  McDougall’s  propensity  of 
the  same  name. 

Of  the  four  attitudes  separating  themselves  by 
their  significant  loadings  from  SO  here,  three  were 
originally  put  in  to  mark  this  erg  (Table  1).  The 
patriotic  attitude  also  seems  to  be  largely  protec¬ 
tive.  Incidentally,  an  attitude  could,  by  hypothe¬ 
sis,  fall  both  in  an  erg  and  a  sentiment,  but,  on  an 
average,  each  could  account  for  only  half  its  vari¬ 
ance,  and,  for  greater  research  clarity,  we  picked 


twenty  attitudes  relatively  pure  in  given  ergs. 
An  example  of  a  pattern  not  anticipated  in  our 
hypotheses,  yet  fitting  psychoanalytic  notions,  is 
shown  in  the  factor  which  we  have  called  regressive 
play  or  narcissism.* 

As  to  the  method  of  measuring  the  strength  of 
each  attitude  variable  experimentally,  it  was  our 
intention  from  the  beginning  of  this  work  to  avoid 
the  purely  verbal,  self-rating  basis  on  which  all 
too  much  attitude  research  has  been  based,  and  to 
this  end,  a  number  of  separate  studies  were  made 
on  a  dozen  or  more  objective  methods,  involving 
reaction  times,  P.G.R.  measurements,  selective 
memory  effects,  et  cetera  (see  bibliography  of  bibli- 

Table  1 

Factor  from  R-techniqoe  Study*  Hypothesized 
AS  Parental,  Protective  Ero 
Variable  Attitude  Defined  Loading  in 

No.  Factor  I 

42  I  want  to  continue  to  live  in  America,  0.53 

the  most  congenial  country  for  me 
in  people  and  ideals. 

50  I  want  to  be  able  to  insure  for  my  0.48 
children  the  best  education  that 
they  could  possibly  have. 

43  I  want  my  parents  never  to  be  lack-  0.44 

ing  the  necessities  of  comfortable 
living. 

46  I  want  to  be  able  to  do  more  for  0.42 
children  who  are  sick,  or  poor  or 
uncared  for,  anywhere  m  the 
world. 

ographical  reference  6).  Having  obtained  a  num¬ 
ber  of  measures  which  correlate  positively  together 
for  each  and  every  attitude,  we  took  as  the  attitude 
strength  that  which  was  common  to  the  various 
measures.  The  standard  verbal  opinionaire 
method  was  by  no  means  always  one  most  satu¬ 
rated  with  the  common  motivation  factor  and  was 
in  any  case  used  in  these  researches  as  one  of 
several  devices,  the  scores  of  which  were  added  to 
give  the  motivation  strength  measurement.  In 
the  P-technique  study,  the  twenty  attitudes  were 
measured  each  day  by  each  of  three  devices, 
namely,  a  preference  test,  a  retroactive  inhibition 
test,  and  a  fluency  test.  The  preference  test  is 
like  the  animal  choice  box,  a  paired  comparison 
of  attitudes  in  all  possible  pairs,  asking  the  subject 
which  would  he  rather  do  or  have  done.  The 
memory  test  tested  recall  for  the  attitude  state¬ 
ments,  and  the  fluency  test  measured  the  number 
of  arguments  the  subject  could  imagine  for  the 
attitude  in  question.  The  reliabilities  of  these 
tests  were  respectively  .73,  .17,  and  .72. 

The  subject  used  for  this  trial  of  P-technique 
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was  a  normal  young  man  of  23,  a  student  in  drama, 
currently  rehearsing  for  a  college  play,  which  was 
put  on  midway  through  the  80-day  test  period. 
Another  event  of  some  importance,  namely,  a 
serious  accident  to  his  father,  also  occurred  in  the 
test  period.  He  was  given  clinical  type  inter¬ 
views  and  also  kept  a  personal  diary  over  the 
whole  period.  At  the  end,  the  attitudes  were  cor¬ 
related  and  it  was  found  that  nine  factors  sub¬ 
stantially  accounted  for  the  inter-correlations.  I 
would  like  to  stress,  in  view  of  the  ensuing  inter¬ 
pretations,  that  these  factors  were  rotated  blindly 
for  simple  structure,  without  knowledge  of 
psychological  meaning  of  the  variables.  A  quite 
definite  simple  structure  was  found  in  this  P-tech- 
nique,  as  described  elsewhere*  and  typically  illus¬ 
trated  in  ncusE  1. 
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Illustration  of  Two  Factors  in  SiiipleTStructure 
Factor  or  Sleep 


Variable 

.4  llilude  Defined  Loading  in 

No. 

Factor  9 

41 

I  do  not  want  to  be  able  to  spend 

-51 

somewhat  more-  on  drinking  and 

smoking. 

6 

I  do  not  want  to  take  an  active  part 

-37 

in  athletics. 

20 

I  want  more  time  to  enjoy  slev|>  and 

35 

rest. 

10 

I  want  to  listen  to  music. 

30 

Factor  of  Parental  Protectiveness 

Variable 

Altitude  Defined  Loading  in 

No. 

Factor  3 

3 

I  want  to  help  the  distressed  wher¬ 

34 

ever  they  are. 

11 

I  want  to  know  more  science. 

25 

21 

Sessions  after  father’s  accident. 

24 

2 

I  want  my  parents  never  to  lie  lack- 

23 

ing  (he  necessities  of  a  comfortahle 
living. 


Evidence  is  given  in  the  original  study*  for  the 
factors  found  being  identifiable  as  the  following 
ergs  and  sentiments:  (1)  the  escape  or  fear  erg; 


(2)  the  parental,  protective  erg;  (3)  the  self- 
assertive  erg;  (4)  the  mating  or  sex  erg;  (5)  the 
erg  of  curiosity;  (6)  the  erg  of  sleep;  (7)  the  pat¬ 
tern  of  regressive,  narcissbtic  play;  (8)  the  self¬ 
sentiment;  and  one  further  factor  of  too  little  vari¬ 
ance  to  be  interpreted. 

It  is  next  of  interest  to  examine  the  degree  of 
invariance  of  these  factor  patterns  and,  particu¬ 
larly,  to  compare  the  P-technique  with  the  R- 
technique  pattern.  The  degree  of  invariance  can 
only  be  assessed  at  present  from  two  existing 
R-technique  studies  with  the  same  variables.  In 
FIGURE  2,  the  same  variables  are  super-posed  in 
one  drawing  for  all  three  factorizations,  the  ergs 
taken  for  illustrations  being  those  of  mating  and 
curiosity. 


Figure  2 


Two  R-technique  Studies  and  One  P-txchnique 
Study  Superposed 

Most  Higidy  Loaded  Variables 

3.  I  like  (o  go  to  a  good  movie  or  play  every  week 

or  so. 

4.  I  want  to  make  love  to  a  woman  I  find  beautiful. 

7.  I  want  to  listen  to  music. 

8.  I  want  to  know  more  science. 

The  R-technique  variables  are  shown  by  a  plain 
and  a  prime  number  and  the  P-technique  is  shown 
by  a  double  prime  number.  Thus  the  attitude 
interest  number  4,  which  refers  to  “I  want  to  make 
love  to  a  woman  I  find  beautiful,”  is  shown  in 
three  adjacent  positions  on  the  upper  left.  Simi¬ 
larly,  the  sevens  group  high  on  the  curiosity  erg. 
The  eights  show  some  discrepancy  in  that  though 
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"interest  in  science"  is  motivated  powerfully  by 
curiosity  in  the  average  man,  as  shown  by  the 
two  R-technique  studies,  it  was  not  much  so  moti¬ 
vated  in  the  individual  studied  in  the  P-technique. 
In  fact,  its  largest  variance  with  him  was  in  the 
self-sentiment,  for  reasons  we  shall  soon  see. 
.\gain,  the  simple  structure  is  very  clear. 

Although  this  level  of  agreement  is  maintained 
throughout  the  factors  found  in  the  three  studies, 
there  are  some  few  striking  discrepancies,  notably 
between  the  R-techniquc  studies  on  the  one  hand 
and  the  P-technique  on  the  other.  An  examina¬ 
tion  of  these  should  throw  light  on  the  capacity 
of  P-technique  to  reveal  unique  dynamic  attach¬ 
ments.  For  this  purpose,  I  have  taken  again  a 
pattern  not  previously  illustrated,  namely,  the 
self-sentiment  and  have  included  only  the  vari¬ 
ables  common  to  the  two  studies.  In  figure 
(taken  from  bibliographical  reference  8),  we  have 
this  one  factor,  not  two;  the  loadings  on  the  unique 
form  of  it  being  plotted  against  those  of  the  same 
variables  on  the  common  source  trait  of  R-tech¬ 
nique. 

Eleven  of  the  variables  are  tolerably  on  a 
straight  line,  indicating  similar  loading  pattern  in 
the  two  studies,  but  three,  which  have  been  en¬ 
circled,  are  different  to  a  marked  degree.  This 
analysis  shows  that,  for  the  given  individual,  in¬ 
terest  in  science  and  in  music  are  much  more 
involved  in  the  self-regarding  sentiment  than  is 
commonly  the  case,  while  heterosexual  love  is  also 
slightly  on  the  negative  side  of  self-regard,  instead 
of  somewhat  positively  involved  in  self  regard  as 
in  the  average  p>erson.  So  far  as  it  is  possible  to 
represent  our  clinical  investigations  in  a  few  words, 
we  find  that  this  young  man  w'as  brought  up  in  a 
family  in  which  his  intelligence  was  educated  in 
the  direction  of  scientific  endeavor.  His  inclina¬ 
tions,  however,  turned  out  to  be  in  favor  of  music 
and  drama.  He  had  felt  guilty  of  taking  a  dilet¬ 
tante  interest  in  music  as  an  escape  from  more 
serious  work.  Accordingly,  it  seems  that,  in  spite 
of  his  inclinations,  his  self-sentiment,  which,  in  our 
theory  of  personality  structure,  includes  the  super¬ 
ego,  regarded  indulgence  in  music  as  something 
to  be  avoided  and  a  knowledge  of  science  as  some¬ 
thing  which  any  self-respecting  person  ought  to 
cultivate. 

Not  only  does  the  P-technique  analysis  thus 
permit  an  estimate  of  the  extent  to  which  various 
ergs  and  sentiments  are  involved  in  a  particular 
attitude,  in  what  amounts  to  a  quantitative  psy¬ 
choanalysis,  but  it  also  offers,  later,  a  measure  of 


the  total  excitation  strength  of  any  given  drive 
from  occasion  to  occasion.  Our  original  assump¬ 
tion  had  been  that  the  covariation  on  which  the 
method  depends  for  the  revelation  of  connections, 
arises  from  two  sources:  (1)  internal  physiological 
fluctuations,  and  (2)  stimulus  situation  variations. 
To  test  this  we  estimated  the  strength  of  each 
drive  on  each  occasion  by  adding  together  the 
attitudes  in  which  it  is  most  highly  load^,  and 
plotted,  in  the  original  presentation,*  the  course 
of  each  ergic  potency  through  the  80  days  of  the 
experiment.  The  most  marked  change  of  level 
of  any  erg  occurred  in  the  parental,  protective 
drive  after  the  serious  accident  to  the  young  man’s 
father.  It  was  as  if  the  whole  level  of  pitying  and 
cherishing  behavior  was  stimulated  to  a  new  level. 
Other  changes  are  more  temporary  and  even  cyclic, 
suggesting  physiological  causes  for  increased  reac¬ 
tivity. 
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Comparison  or  P-  and  R-techniqoe  Definitions 
OF  Self  Regard 

Chitf  AUilttde  Variables  Involved 

4.  I  want  to  make  love  to  a  woman  I  find  lieautiful. 

7.  I  want  to  listen  to  music. 

8.  I  want  to  know  more  science. 

9.  I  want  .Amesica  to  get  more  protection  against 

the  atom  bomb. 

11.  I  want  never  to  do  anything  that  will  damage 
my  sense  of  self  respect. 

13.  I  want  a  will  power  that  will  ensure  good  control 

of  my  mental  processes  and  emotions. 

14.  I  want  to  command  a  good  reputation  among 

per^le  in  my  drclc. 

15.  I  want  more  time  to  enjoy  my  own  company, 

to  sleep  and  rest. 
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To  summarize,  or,  at  least,  to  state  what  seem 
the  most  important  issues  raised  in  this  survey  of 
the  rdation  of  P-tcchnique  to  dynamic  psychology 
generally: 

1.  Factor  analysis,  properly  used,  is  capable  of 
structuring  dynamic  traits  just  as  effectively  as 
cognitive  or  any  other  behavior  variables,  both 
in  R-  and  P-technique  forms. 

2.  When  it  does  so,  the  most  outstanding  uni¬ 
tary  traits  seem  to  be  the  long  debated  drives,  or 
ergs,  as  we  have  called  them,  and  these  show  up 
with  essential  similarity  of  pattern  in  both  R-  and 
P-technique. 

3.  P-technique  is,  however,  alone  in  being  ca¬ 
pable,  in  principle,  of  yielding  unique  dynamic 
trait  structure,  that  is,  the  particular  investments 
and  conflicts  of  the  ergs  in  the  life  of  the  individual. 
The  experimental  evidence  here  offered  suggests 
that  it  does  this  not  only  in  principle  but  with 
practical  effectiveness.  If  further  experiment 
bears  this  out,  and  improves  the  reliability  of  ob¬ 
jective  measures  of  interest,  this  method  offers  a 
superior  method  to  the  present  free-associative 
techniques  of  psychoanalysis,  because  it  is  quan¬ 
titatively  precise  and  proceeds  to  its  analytical 
conclusions  by  a  calculating  machine  and  explicit 
principles,  instead  of  by  the  uncertainties  of  art 
and  intuition.  Nevertheless,  a  preliminary  ex¬ 
ploration  of  a  clinical  case  by  ordinary  clinical 
questioning  would  be  necessary  in  order  to  decide 
which  symptoms  and  fixations  should  be  entered 
as  unique  variables,  along  with  the  common 
“marker”  variables  introduced  from  R-technique 
to  locate  the  primary  ergs.  While  the  method  is 
thus  a  serious  challenge  to  psychoanalysis  as  a 
method  of  diagnosis,  it  does  not  claim  any  rdle 
in  therapy,  except  in  so  far  as  the  improved  objec¬ 
tivity  and  insightfulness  of  its  diagnosis  would 


permit  a  more  effective  handling  of  resistances, 
etc.,  in  the  re-leaming  process. 

4.  The  specification  equations  obtained  do  not 
directly  estimate  the  absolute  strengths  of  various 
ergic  satisfactions  in  a  given  symptom  or  course 
of  action,  but  rather  the  contribution  of  ergic  vari¬ 
ance  to  symptom  variance. 
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ELEMENTARY  L, -SPACES* 

By  L.  A.  MAcCOLLt 

1.  Introduction.  The  somewhat  special  Li- 
spaces  with  which  we  are  concerned  here  can  be 
described  as  follows: 

a.  Each  of  the  spaces  is  a  set  of  real-valued 
measurable  functions  of  a  real  variable  t,  defined 
over  the  infinite  interval  (— «,  «).  Each  of 
the  functions  is  absolutely  integrable  over  the 
infinite  interval.  Two  functions  which  differ 
only  on  a  set  of  measure  zero  are  considered  to  be 
identical. 

b.  The  set  of  functions  constituting  a  space  is 
closed  under  the  op>erations  of  multiplication  by 
real  constants  and  addition. 

c.  The  distance,  d{Ji{t),  ftifi),  between  two 
functions,  f\{t)  and  ji{t),  belonging  to  a  space  is 
defined  by  the  formula: 

diMtXMt))  -  £  l/,(/)  -/*(/)  I  dt. 

These  Li-spaces  are  important  in  various  parts  of 
pure  and  applied  mathematics.  Recently,  they 
have  been  used  in  connection  with  certain  prob¬ 
lems  arising  in  communication  engineering.  It 
is  desirable,  therefore,  that  the  properties  of  the 
q)aces  be  studied  in  some  detail.  Although  most 
of  the  Zi-spaces  Qoming  within  the  scope  of  the 
above  definition  are  quite  difficult  to  study,  some 
of  the  spaces  can  be  discussed  rather  easUy.  It  is 
with  these  elementary  Li-spaces  that  the  present 
paper  deals. 

In  sections  2-5  of  this  paper,  we  shall  consider  a 
particularly  simple  two-dimensional  Li-space, 
and  section  6  will  be  devoted  to  a  brief  discussion 
of  the  analogous  three-dimensional  space.  In  the 
concluding  section,  we  shall  consider  a  few  of  the 
less  simple  two-dimensional  spaces. 

2.  The  Li-space  So .  Let  «(/)  and  v(t)  be  two 
particular  linearly  independent  functions  which 
satisfy  the  conditions  stated  in  section  1,  and 
which  have  the  following  additional  properties: 

(a)  u(tMt)  ®  0, 

(b)  r  I  u(t)  Id/  ~  I  v(t)  Ui  -  1. 

*Thif  paper  wu  presented  at  a  meeting  of  the  Section  on 
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If  distances  are  defined  as  stated  in  section  1,  the 
set  of  all  functions  of  the  form: 

/(<)  -  xu(t)  +  yv(t), 

where  x  and  y  are  arbitrary  real  constants,  is  a 
two-dimensional  Z>i-space.  We  shall  denote  this 
space  by  the  symbol  5o.* 

Henceforth,  a  function  belonging  to  So  will  be 
called  a  point  of  5o ,  and  the  corresponding 
coefficients  x  and  y  will  be  called  the  coordinates 
of  the  point.  If  we  also  interpret  x  and  y  as  the 
rectangular  coordinates,  relative  to  a  fixed  set  of 
axes,  of  a  point  in  a  Euclidean  plane  E*,  we  have 
established  a  homeomorphism  between  5*  and 
£?.  This  homeomorphism  makes  it  possible  to 
discuss  the  geometry  of  So  in  terms  of  figures 
drawn  in  £*. 

Let  /i(/),  with  the  coordinates  (xi ,  yi),  and 
/*(<),  with  the  coordinates  (xj ,  yi),  be  two  points 
of  5o.  In  virtue  of  the  properties  of  u(t)  and 
v{t),  we  have  the  relation 

d(/i(0, /*(<))  -  I  *1  -  *2 1  +  I  yi  -  y»  I  . 

The  following  fundamental  theorem  can  be 
proved  by  a  straightforward  argument,  which  we 
omit  for  the  sake  of  brevity. 

Theorem  1.  In  order  that  a  point  transformation 
x'  >■  ^(x,  y),  y'  -  ^{x,  y)  in  So  ,  where  the  functions 
tp  and  ^  are  of  class  O,  shall  leave  all  distances 
invariant,  it  is  necessary  and  sufficient  that  the 
transformation  be  of  oru  of  the  forms: 

(i)  x'  -  a  ±  X,  y'  -  6  ±  y; 

(ii)  x'  -  a  ±  y,  y'  -  5  ±  x. 

Here  a  and  b  are  arbitrary  constants,  and  the  am~ 
biguous  signs  are  independent. 

Stated  in  terms  of  the  geometry  of  P,  a  trans¬ 
formation  of  the  required  kind  is  a  translation,  a 
quadrantal  rotation,  a  reflection  in  a  coordinate 
axis,  or  a  product  of  two  or  more  of  these  special 
transformations. 

If  a  rotation  is  defined  as  a  point  transformation 
(of  class  CO  which  leaves  one  point  and  all  dis¬ 
tances  invariant.  Theorem  1  implies  that  5* 
does  not  admit  of  arbitrarily  small  rotations. 

*  Strictly  speaking,  we  get  different  spaces  by  choosing  the 
basic  functions  m(<),  s(<)  in  different  ways.  However,  all  of  the 
spaces  so  obtained  have  the  same  geometry,  and  can  be  considered 
abstractly  as  being  identical. 
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If  certain  conditions  of  a  familiar  kind  are 
satisfied,  an  equption  of  the  form  F{x,  y)  “  0 
represents  a  curve  in  A’5 .  The  only  curves  which 
we  shall  consider  for  the  moment  will  be  continuous 
curves  consisting  of  finite  sets  of  arcs,  each  arc 
being  representable  by  an  equation  of  one  of  the 
forms  y  -  J{x),  x  -  s(y),  where /(.r)  and  g(y)  are 
functions  possessing  absolutely  integrablc  deriva¬ 
tives.  The  length  Z,(r)  of  such  a  cui^’e  F  is 
naturally  defined  by  the  formula 

Ml)  -  (I  dx  I  +  I  dy  I). 

The  following  theorem,  the  proof  of  which  is 
obvious,  plays  a  fundamental  role  in  the  geometry 
of  55. 

Theorem  2.  IJ  two  points  (ati  ,  vi),  (xj  ,  yj) 
are  such  that  xi  ■■  xj  or  yi  —  vj ,  there  is  a 
unique  curve  of  minimum  length  joining  the  points 
(namely,  in  terms  of  the  geometry  of  JE’,  the  straight 
line  segment  joining  the  points).  If  xi  ^  Xj  and 
yi  ^  y*  I  CT^^’y  curve  joining  the  two  points  on  which 
dy/dx  does  not  change  sign  has  a  length  equal  to  the 
distance  between  the  points,  while  every  other  curve 
joining  the  points  has  a  length  greater  than  that 
distance. 

In  general,  therefore,  there  is  no  uniijue  geodesic 
joining  two  points  of  5o .  Such  a  geodesic  does 
exist,  however,  if  the  two  points  lie  on  a  line 
parallel  to  one  of  the  preferred  coordinate  axes. 
In  this  way,  the  preferred  coordinate  systems 
receive  an  intrinsic  geometrical  characterization. 

3.  Two  problems  concerning  distances  in  So . 
We  define  the  circle  with  center  (xo ,  yo)  and 
radius  r  to  be  the  set  of  all  points  which  are  at  the 
distance  r  from  (xo ,  yo).  This  circle  is  repre¬ 
sented  analytically  by  the  equation 

I 

l*-*o|  +  |y-yo|-r, 

and  it  is  represented  graphically  in  £•  by  the 
square  having  the  vertices  (xo  db  r,  yo  ±  r). 

Problem  1.  We  consider  the  straight  line  L 
represented  by  the  equation  y  ^  mx  +  b,  and  a 
point  P:  (xo  ,  yo)  which  does  not  lie  on  L,  and  we 
seek  the  point  of  L  which  is  at  the  minimum 
distance  from  P. 

We  construct  the  family  of  circles  having  P  as 
center,  and  note  the  circle  of  minimum  radius 
which  has  a  point  in  common  with  L.  We  see 
immediately  that  if  |  m  |  <  1,  the  point  of  L 
having  the  abscissa  xo  is  the  required  point,  and 
that  if  I  w  I  >  1,  the  point  of  L  having  the  or¬ 


dinate  yo  is  the  required  point.  If  |  wi  |  -  I, 
all  points  of  L  between  the  point  having  the 
abscissa  xo  and  the  point  having  the  ordinate  yo 
arc  equidistant  from  P,  and  every  other  point  of 
Z.  is  at  a  greater  distance  from  P. 

Problem  2.  Let  a  and  b  be  positive  numbers, 
and  consider  the  set  A  of  points  (x,  y)  which  are 
equidistant  from  the  points  (<i,  0),  (0,  b).  A  is 
represented  by  the  equation 

i  X  -  0  I  -f-  i  y  I  -  I  X  I  +  I  y  -  I  , 

and  the  properties  of  the  locus  can  be  determined 
readily  by  a  study  of  this  equation. 

We  find  that  if  a  >  b,  A  is  represented  in  £*  by 
the  broken  line  consisting  of 

(i)  the  part  of  the  line  x  =  (a  —  b)/2  on  which 

y  <  0, 

(ii)  the  part  of  the  line  y  x  —  (a  —  b)/2  on 
which  0  <  y  <  6, 

(Hi)  the  part  of  the  line  x  =  (a  -I-  6)/2  on  which 
which  y  >  b. 

On  the  other  hand,  \l  a  •  h,  we  obtain  the 
rather  surprising  result  that  .4  is  represented  in 
E?  by  the  point  set  consisting  of 

(iv)  the  region  x  <  0,  y  <  0, 

(v)  the  region  x>  a,  y  a,  J 

(vi)  the  part  of  the  line  y  x  on  which  0  <  x  <  a. 

The  fact  that  in  this  case  A  is  two-dimensional  is 
of  considerable  importance  in  some  of  the  applica¬ 
tions. 

The  set  of  points  equidistant  from  any  two 
points  of  So  can  be  determined  easily  by  using 
the  special  results  just  stated  and  Theorem  1. 

4.  Measurement  of  angles  in  5n  .  We  can  define 
a  measure  of  angles  in  So  in  a  way  which  is  en¬ 
tirely  similar  to  that  used  in  Euclidean  geometry. 

Thus,  let  OA  and  05  be  two  rays  proceeding  from 
a  point  0.  We  draw  a  circle  of  radius  R  with  0 
as  center,  and  denote  by  5  the  length  of  the  arc  ' 
of  the  cifcle  intercepted  by  the  rays.  Then  we 
take  the  ratio  S/R  as  the  measure  of  the  angle 
between  the  rays.  If  S/R  1 ,  we  call  the  angle 
a  radian. 

Sihee  the  ratio  of  the  circumference  of  a  circle 
to  its  radius  is  obviously  8,  the  total  angle  about 
a  point  is  8  radians. 

Many  of  the  elementary  theorems  concerning 
angles  in  5o  are  essentially  similar  to  theorems 
concerning  angles  in  Euclidean  geometry.  Thus, 
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for  example,  the  sum  of  the  angles  of  a  triangle  is 
4  radians.  If  we  define  perpendicular  lines  to  be 
lines  which  intersect  at  an  angle  of  2  radians, 
i.e.,  one  fourth  of  the  total  angle  about  a  point, 
we  find  that  two  lines  are  perpendicular,  if,  and 
only  if,  the  corresponding  lines  in  F?  are  perpen¬ 
dicular  in  the  Euclidean  sense. 

If  we  define  a  square  to  be  a  quadrilateral  having 
equal  angles  and  sides  of  equal  length,  we  find 
that  a  quadrilateral  is  a  square,  if,  and  only  if, 
the  corresponding  figure  in  £*  is  a  square  in  the 
Euclidean  sense.  We  observe  that  if  the  diago¬ 
nals  of  a  square  are  parallel  to  the  preferred 
coordinate  axes,  the  square  is  a  circle! 

At  first  sight,  these  simple  examples  may  suggest 
that  all  that  we  have  done  is  introduce  a  new  unit 
for  the  measurement  of  angles.  This  is  not  the 
case,  however.  In  general,  two  equal  angles  in 
5o  (in  £*)  correspond  to  two  unequal  angles  in 
E?  (in  So)- 

S.  The  curvature  of  a  curve  in  5o  .  Let  F  be  an 
oriented  curve  in  Sl .  We  denote  the  arc  length 
along  r  from  a  fixed  reference  point  P»  to  a  variable 
point  P  by  the  symbol  r,  the  arc  length  being 
reckoned  with  the  proper  sign  in  the  usual  way. 
We  denote  the  angle  between  the  positively 
oriented  tangent  to  F  at  P  and  the  positive  x-axis 
by  the  symbol  B{s) .  Then  we  define  the  curvature, 
7,  of  F  at  P  by  the  equation  y  -  ^(j). 

We  shall  prove  the  following  theorem : 

Theorem  3.  If  a  curve  F  in  So  is  represented  by 
the  equation  y  ••  y(x),  where  the  function  y(x)  is  of 
class  C®,  and  ifTis  oriented  so  that  the  positive  sense 
is  that  of  increasing  values  of  x,  the  curvature  of  F 
of  the  typical  point  is  given  by  the  formula  , 

2y"{x) 

“ii  +  iy(*)ii‘‘ 


Consider  the  line 

(1)  Y  -  y(x)x, 

where  X  and  Y  are  the  running  coordinates.  If 
/(x)  >  0,  the  line  (1)  intersects  the  line 
-f  F  —  1  in  the  point  with  the  coordinates 


1  +  y'(a-)’ 


1  +  y'(*)’ 


On  the  other  hand,  if  y'(x)  <  0,  the  line  (1)  inter¬ 
sects  the  line  F  —  —1  -1-  A"  in  the  point  with  the 
coordinates 


1  -  yc-c)’ 

and  we  have  the  relation 


y(x) 

1  -  y'ixY 


0)  ,  . 

1  -  y'(*) 

It  follows  from  (2)  that  we  have 

^  .  2y'^(») 

dx  [1  +  y'(x)]®' 

Since  when  y'(x)  >  0  we  have 

it  follows  that  when  y'(.T)  >  0,  we  have  the  rela¬ 
tion 


Then  it  follows  from  our  definition  of  the  measure 
of  angles  that 


^  11  +  y(x)f 

Similarly,  it  follows  from  (3)  that  when  y'(x)  <  0 
we  have 

2y^^x) 

^  “  11  -  y'{x)r 

Combining  the  two  results,  we  have  the  conclusion 
stated  in  the  theorem. 

It  is  interesting  to  determine  the  curves  which 
have  constant  curvature.  Obviously,  it  will 
sufiBce  to  determine  the  curves  for  which  7  -  1, 
for  all  other  curves  of  constant  curvature  can  be 
obtained  from  these  by  magnifications  and  re¬ 
orientation.  We  determine  these  special  curves 
by  solving  the  differential  equation 

.v'  -  id  + 1  y  D*. 

The  work  is  straightforward,  and  we  shall  confine 
ourselves  to  stating  the  result  in  the  form  of  the 
following  theorem. 

Theorem  4.  Any  curve  with  constant  curvature  1 
is  obtained  by  subjecting  a  certain  special  curve  Fo 
to  a  translation.  Fo  is  composed  of  the  parabolic  arc 


I  -  X  -  2V1  -  *, 


(2) 


2y^(x) 

1  -hy(*) 


0  <  X  <  1 
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and  oj  the  three  arcs  which  are  obtained  from  To 
reflections  in  the  coordinate  axes.  It  is  assumed 
here  that  To  is  oriented  so  that  the  positive  sense  of 
description  is  counterclockwise. 

If  we  denote  the  Euclidean  curvature  of  the 
curve  y  -  y(*)  by  the  symbol  7, ,  so  that 

"  (1  +  y'*)*'*’ 

we  have  the  relation 

7  (1  + 

'  7."  (T+l/!)*' 

From  this,  it  follows  that  if  y'  is  zero  or  infinite,  we 
have  7  ■»  27, ;  and  if  y'  -  ±1,  we  have 
7  -  7./V2- 

In  particular,  the  Euclidean  circle  j?  +  y*  ■■  1 
has  curvature  2  at  the  points  (±1,  0),  (0,  ±1), 
and  curvature  i/y/l  at  the  points  (±l/\/2, 

±1/V2). 

6.  The  three-dimensional  space  5o.  Let  u(t), 
v(t),  w(l)  be  three  particular  functions  satisfying 
the  conditions  stated  in  §1,  and  having  the  follow¬ 
ing  additional  properties: 

(a)  u(t)v(t)  =  v(t)w(t)  =  u(t)w(i)  =  0, 

(b)  £  I  «0)  I  *  “  /  I  KO  I  * 

-  £  1  w(t)  I  -  1. 

If  distances  are  defined  as  stated  in  §1,  the  set  of 
all  functions  of  the  form 

/(/)  -  xu(t)  ■+■  yv(t)  -h  tw(t), 

where  x,  y,  s  are  arbitrary  real  constants,  is  a 
three-dimensional  Li-space,  which  we  shall  denote 
by  the  symbol  5^ .  Obviously,  5$  is  the  natural 
three-dimensional  analogue  of  the  space  5*  which 
we  have  been  considering. 

We  call  a  function  belonging  to  5o  a  point  of  5^ , 
and  we  call  the  coefficients  x,  y,  z  the  coordinates 
of  the  point.  As  in  the  two-dimensional  case, 
we  can  set  up  a  natural  homeomorphism  between 
5^  and  a  three-dimensional  Euclidean  space  Efj 
and  we  can  discuss  the  geometry  of  in  terms  of 
figures  drawn  in  B?. 


The  distance  between  two  points  of  is  given 
by  the  self-explanatory  formula 

d(Mt),Mt))  -  I  *1  -  *»  I  -h  I  yi  -  yj  I  +  I  xi  - 

We  define  the  sphere  with  center  (xg  ,  yo  ,  zo)  and 
radius  r  to  be  the  set  of  all  points  which  are  at  the 
distance  r  from  the  center.  The  sphere  is  repre¬ 
sented  in  £*  by  a  regular  octahedron,  having  its 
center  at  (xg  ,  yo ,  Zg)  and  having  its  diagonals  (of 
length  2r)  parallel  to  the  coordinate  axes. 

We  define  a  circle  in  Sg  to  be  a  plane  curve.such 
that  all  points  of  the  curve  are  at  the  same  distance 
from  a  fixed  point  in  the  plane  of  the  curve.  We 
get  a  circle  by  taking  a  suitable  sphere  and  inter¬ 
secting  it  with  a  suitable  plane  passing  through  the 
center  of  the  sphere.  We  observe  that  a  circle  is  in 
general  a  six-sided  polygon,  although  the  circle 
degenerates  into  a  quadrilateral  for  certain  special 
positions  of  its  plane. 

A  straightforward,  but  somewhat  complicated 
calculation  leads  to  the  following  theorem. 

Theorem  5.  Let  p  and  q  be  non-negative  real  num¬ 
bers.  A  circle  of  radius  R  lying  in  any  plane  of  the 
family  z  -  ^x  -I-  gy  -f  const,  has  the  circumference 
C  given  by  the  formula 

^  .  6  ,  2^  U  -  g  I 

R  {p  +  Dip  +  q) 

,  2\p  -q\  ,  2g  I  1  -  ^  I  ^ 

(.P  +  !)(?  4-1)  (?  +  1)(^  +  9) 

As  p  and  q  vary,  C/R  assumes  all  values  between  6 
and  8  inclusive. 

Whereas  all  planes  in  £*  have  the  same  geom¬ 
etry,  these  properties  of  circles  show  that  differ¬ 
ent  planes  in  Sj  have  essentially  different  geom¬ 
etries.  This  feature  of  the  geometry  of  5j  makes 
the  study  of  this  space  awkward  and  difficult. 
We  shall  not  pursue  this  study  any  further  at  this 
time. 

7.  Other  two-dimensional  Li-spaces.  If  we  omit 
the  condition  u(t)v(t)  =  0  from  the  definition  of 
5g ,  we  get  a  variety  of  more  general  two-di¬ 
mensional  Li -spaces,  which  we  shall  denote  by 
the  generic  symbol  S*.  Some  of  these  5*-spaces 
are  much  more  important  practically  than  is  5* . 
Unfortunately,  however,  they  are  also  much  more 
difficult  to  study.  We  shall  confine  our  discussion 
of  these  spaces  to  giving  one  general  theorem  and 
a  few  remarks  concerning  the  circles  in  these  spaces. 

The  proof  of  the  following  theorem  is  obvious. 

Theorem  6.  The  circle  in  5*  with  center  (0,  0) 
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and  radius  I  is  represented  in  B?  by  a  closed  convex 
curve  which  is  symmetrical  with  respect  to  the  origin, 
and  which  passes  through  the  points  (1,  0),  (0,  1). 

It  should  be  noted  that  a  similar,  and  equally 
obvious,  theorem  holds  concerning  (n  —  1)- 
dimensional  hyperspheres  in  a  space  5",  which  is 
the  H-dimensional  analogue  of  an  5*. 

Dropping  the  restriction  u{t)v{t)  =  0  allows  the 
functions  u(t)  and  v(t)  to  “overlap.”  Some 
indication  of  the  nature  of  the  effects  of  the  over¬ 
lapping  can  be  obtained  from  a  consideration  of 
the  simplest  case,  the  case  in  which  u(t)  and  v(t) 
are  defined  as  follows: 

«(/)  -  1  for  0  <  <  <  1 
•-  0  for  all  other  t, 
v(t)  — lfora<<<a-f-l 
-  0  for  all  other  t, 


where  a  is  a  positive  number  less  than  1.  An 
elementary  calculation  shows  that  in  this  5*  the 
circle  with  center  (0, 0)  and  radius  1  is  the  polygon 
whose  vertices  are  the  points  (0, 1),  (1, 0),  ((2o)“‘, 
— (2a)“*)»  and  the  points  which  are  symmetrical 
to  these  with  respect  to  the  origin. 

The  fact  that  all  of  the  circles  that  we  have  en¬ 
countered  so  far  are  rectilinear  polygons  is  merely 
a  consequence  of  the  especially  simple  forms  of  the 
basic  functions,  u(i)  and  v(t),  that  we  have  chosen. 
When  we  proceed  to  less  simple  basic  functions,  we 
find  that  the  circles  in  an  cease,  in  general,  to 
be  rectilinear  polygons.  In  one  rather  typical 
case,  which  has  been  examined  in  detail,  a  circle 
is  a  closed  convex  curve  composed  of  two  segments 
of  straight  lines  and  two  curved  arcs. 
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CLOUD  SEEDING  BY  MEANS  OF  DRY  ICE, 
SILVER  IODIDE,  AND  SODIUM 
CHLORIDEt 

By  IRVING  LANGMUIRJ 

The  circulation  of  the  atmosphere  is  primarily 
due  to  the  non-uniform  solar  heating  of  the  earth 
and  the  radiation  from  the  upper  part  of  the  at¬ 
mosphere.  When  clouds  form,  heat  is  liberated 
by  the  condensation  of  the  moisture.  Most  clouds 
soon  evaporate  so  that  the  heat  from  condensation 
is  balanced  by  the  cooling  by  evaporation. 

.\ny  rain  that  falls  to  the  ground  leaves  a  net 
excess  of  heat  in  the  atmosphere  at  cloud  level. 
This  heat  may  be  of  great  magnitude.  For  ex¬ 
ample,  i”  of  rain  liberates  in  the  atmosphere  as 
much  heat  as  that  received  from  sunlight  in  tem¬ 
perate  latitudes  during  a  single  day.  Thus  if  it 
is  possible,  by  seeding  clouds,  to  produce  rain  over 
large  areas  where  it  would  not  occur  of  its  own 
accord,  the  heat  generated  should  have  a  marked 
effect  on  the  circulation  of  the  atmosphere  over 
areas  even  greater  than  that  over  which  the  rain 
fell. 

It  has  long  lieen  an  important .  meteorological 
problem  to  determine  the  mechanism  by  which  the 
small  droplets  originally  produced  in  clouds  gather 
into  the  large  drops  needed  for  rain  formation. 
.About  1932,  Bergeron  proposed  a  theory  which 
could  account  for  more  rapid  growth  of  cloud  drop¬ 
lets.  When  clouds  rise  so  high  that  the  tempera¬ 
ture  falls  below  freezing,  the  water  droplets,  in¬ 
stead  of  freezing,  normally  become  supercooled, 
unless  sublimation  or  freezing  nuclei  are  present 
which  initiate  the  phase  change  from  water  to  ice. 
If  such  particles  are  absent  or  present  in  only 
small  numbers,  a  cloud  may  remain  supercooled, 
even  down  to  —  39®C. 

When  nuclei  are  present,  the  difference  of  vapor 
pressure  between  ice  and  supercooled  water  causes 
the  ice  crystals  to  grow  and  the  droplets  to  evap¬ 
orate.  With  relatively  few  nuclei,  the  snow  crys¬ 
tals  grow  to  relatively  large  size  in  a  few  minutes, 
and  by  coalescing,  and,  at  lower  altitudes,  by 

*  A  paper,  entitled  "The  Concept  of  Cultural  Evolution  in 
Modem  Efthnolonr,"  by  David  Bidney,  University  of  Indiana, 
Bloomington,  Ind^  was  presented  at  a  meeting  of  the  Section  of 
.Anthropology  on  October  22,  1051,  but  the  abstract  had  not  been 
received  pnor  to  publication  of  this  issue  of  TRAXSACTfONS. 

t  ‘nis  paper  was  presented  as  one  of  two  papers  in  the  Sym¬ 
posium  on  cloud  Seeding,  held  by  the  Section  on  October  23,  1951. 

f  General  Electric  Research  Laboratory,  Schenectady,  N,  Y. 


gathering  cloud  droplets  and  linaliy  melting,  they 
may  lead  to  heavy  rain,  where,  without  nuclei, 
there  would  have  been  none.  Fimleisen’s  obser¬ 
vations  supporting  Bergeron’s  theories  indicated 
that  if  freezing  nuclei  or  sublimation  nuclei  could 
be  introrlucetl  into  clouds,  it  might  lie  possible  to 
control  rainfall.  He  did  not  indicate,  however, 
how  such  nuclei  could  be  obtained. 

In  July,  1946,  Vincent  J.  Schaefer  found  that 
even  minute  portions  of  a  supercooled  cloud  give 
enormous  concentrations  (10**  per  cm*)  of  nuclei 
if  they  are  only  momentarily  cooled  to  —  39“C. 

Dr.  Schaefer,  by  breathing  into  a  cold  box  con¬ 
taining  air  at  a  temperature  of  —  20‘’C,  produced 
a  cloud  of  supercooled  droplets.  When  a  minute 
particle  of  dry  ice,  weighing  only  a  few  micrograms, 
is  allowed  to  fall  in  this  cloud,  it  leaves  a  track  of 
growing  ice  crystals  which,  within  a  few  seconds, 
become  glistening  snow  crystals. 

Calculations  made  in  1946  suggested  that  the 
critical  temperature  of  spontaneous  nucleation  in 
air,  supersaturated  with  respiect  to  ice,  is  the  result 
of  surface  tension  that  causes  the  initial  nuclei  to 
have  internal  pressures  above  2000  atmospheres 
so  that  the  first  ice  that  forms  is  a  single  unit  cell 
(8  molecules)  of  the  high  pressure  form  of  ice  (Ice 
II).  When  this  particle  grows  to  a  size  of  two 
unit  cells,  the  internal  pressure  falls  sufhciently 
so  that  it  changes  into  ordinary  ice  (Ice  I).  Be¬ 
cause  the  original  nuclei  must  always  be  of  a  defi¬ 
nite  size,  there  is  a  loss  of  a  degree  of  freedom  in 
the  normal  relation  that  governs  the  formation  of 
liquid  particles  from  a  vapor  phase,  according  to 
which  the  temperature  of  spontaneous  formation 
should  depend  enormously  on  the  vapor  pressure. 

In  November,  1946,  Schaefer,  by  dropping  about 
three  pounds  of  crushed  dry  ice  per  mile  of  flight 
into  a  lenticular  supercooled  cloud  at  an  altitude 
of  14,000  feet,  made  the  cloud  change  completely 
into  icc  crystals. 

Also  in  1946,  Dr.  B.  Vonnegut  discovered  that 
fine  particles  of  silver  iodide  produced  by  sublima¬ 
tion  of  silver  iodide  give  nuclei  on  which  super¬ 
saturated  moisture  can  condense  to  form  ice  crys¬ 
tals  at  temperatures  from  —  5®C  to  —  10®C. 

When  a  pop  gun  is  made  to  explode  in  a  super¬ 
cooled  cloud,  he  found  that  enormous  numbers  of 
ice  crystals  arc  formed,  provided  the  initial  pres- 
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sure  in  the  gun  exceeds  that  needed  to  give  an 
adiabatic  cooling  to  — 39*C. 

Schaefer  has  recently  modified  the  experiment 
by  using,  instead  of  a  pop  gun,  a  small  glass  bulb 
containing  air  saturated  with  ice,  this  bulb  being 
connected  through  a  capillary  tube  to  a  source  of 
air  at  a  known  pressure.  If  the  bulb  is  broken  by 
a  blow,  the  sudden  expansion  of  the  air  within  a 
few  microseconds  causes  the  air  to  be  cooled  to 
the  critical  temperature.  A  count  of  the  ice  crys¬ 
tals  produced  in  the  cold  box  showed  that  there 
were  10“  nuclei  per  cm*  in  the  little  bulb  when 
this  was  at  — 20®C.  Thus  10'*  effective  nuclei 
were  produced  per  gram  of  water  vapor  in  the  ex¬ 
panding  air. 

Experiments  With  the  Seeding  of  Clouds 
by  Dry  let 

A  series  of  lantern  slides  illustrated  the  modifi¬ 
cations  in  supercooled  stratus  clouds  produced  by 
drq>ping  dry  ice  from  a  plane  along  a  line  at  the 
rate  of  about  one  pound  per  mile  of  flight.  Within 
a  few  seconds,  a  visible  track  is  produced  in  the 
top  of  the  cloud,  which  grows  in  width  so  that  it 
frequently  becomes  three  miles  wide  in  45  min¬ 
utes.  Within  this  lane,  all  the  supercooled  water 
is  changed  to  ice  crystals  which  proceed  to  fall. 
A  doud  1000  meters  thick,  even  containing  one 
gram  per  cubic  meter  of  air,  would  give  a  predpi- 
tation  of  only  about  one  millimeter,  even  if  none 
of  the  moisture  evaporated  in  falling  from  the 
cloud  to  the  ground.  These  experiments  prove 
condusively,  however,  that  enormous  numbers  of 
snowflakes  can  be  produced  by  very  small  amounts 
of  dry  ice. 

During  the  following  summer,  in  1947,  and  in 
subsequent  years,  a  large  number  of  experiments 
were  made  by  dropping  dry  ice  on  large  growing 
cumulus  douds.  In  practically  all  cases,  profound 
modifications  in  the  douds  were  observed.  Some¬ 
times  the  douds  dissipate,  but  frequently  in  grow¬ 
ing  clouds  heavy  rain  begins  to  fall  within  15  to 
20  minutes  after  seeding.  Some  of  these  rains 
have  persisted  for  hours  and  have  given  several 
inches  of  rainfall.  A  large  number  of  observations 
by  radar  have  indicated  that  rain  began  at  the 
place  of  seeding  within  a  few  minutes.  It  is, 
however,  only  rarely  that  one  finds  clouds  suitable 
for  the  production  of  heavy  rain  by  this  method  in 
a  specific  area  where  rain  is  desired. 

Experiments  in  Honduras  indicated  that  single 
pellets  of  dry  ice  shot  by  a  gun  from  an  airplane 


are  suffident  to  produce  heavy  prec4>itation  from 
some  growing  cumulus  douds.  Mudi  depends  on 
where  the  dry  ice  is  introduced  into  the  doud. 
The  best  position  is  a  point  just  above  the  freezing 
level  so  that  the  heat  generated  by  the  formation 
of  the  ice  crystals  sets  up  increased  convective 
activity  in  the  doud.  On  the  other  hand,  if  ice 
crystals  are  produced  near  the  top  of  the  doud, 
this  part  tends  to  float  away,  causing  the  dissipa¬ 
tion  of  the  doud. 

Widespread  Effects  of  Silver  Iodide  Seedings 

On  October  14,  1948,  burning  charcoal  impreg¬ 
nated  with  silver  iodide  was  dropped  from  a  Pro¬ 
ject  Cirrus  plane  near  Albuquerque,  and  an  hour 
later  three  lots  of  approximatdy  25  pounds  of  dry 
ice  were  dropped  on  separate  large  growing  cumu¬ 
lus  douds.  These  douds  devdoped  into  two  large 
thunderstorms,  and,  during  the  next  18  hours, 
other  storms  devdoped  from  them,  giving  590,000 
acre  feet  of  rain  with  a  rainfall  of  more  than  0.1* 
(average  0.25*)  over  an  area  of  40,000  square  miles, 
distributed  about  the  point  of  seeding  in  accord 
with  the  known  wind  directions  and  velodties. 

On  July  21,  1949,  a  silver  iodide  ground  gen¬ 
erator  was  (grated  in  New  Mexico  for  a  total  of 
13  hours,  putting  out  300  grams  of  silver  iodide. 
Within  18  hours,  1,300,000  acre  feet  of  rain  fell 
with  a  rainfall  of  more  than  0.1*  (average  0.32*) 
over  an  area  of  68,000  square  miles,  distributed  in 
q>ace  and  time  in  accord  with  known  wind  veloc¬ 
ities.  An  analysis  of  these  two  experiments  was 
given  in  Project  Cirrus  Occasional  Report  No.  21, 
April  15,  1950,  and  a  partial  analysis  in  Science 
lU:  35  (1950). 

Since  there  were  similar  weather  conditions  on 
these  two  days,  the  second  experiment  may  be 
considered  a  repetition  of  the  first.  Ferguson 
Hall,  Sdence  113:  189  (1951),  and  four  members 
of  the  Landsberg  Committee,  G.  Emmons,  B. 
Haurwitz,  G.  P.  Wadsworth,  and  H.  C.  Willett, 
Science  113:  191  (1951),  have  discussed  th(^ 
Project  Cirrus  Reports  and  have  concluded  that 
that  is  no  trustworthy  evidence  that  the  heavy 
rains  of  these  days  resulted  from  silver  iodide  seed¬ 
ing. 

Much  of  the  evidence  that  silver  iodide  did  in¬ 
duce  precipitation  on  these  two  days  has  been 
evaluated  but  not  published .  Instead  of  publishing 
the  details  which  might  provide  adequate  docu¬ 
mentation,  it  seemed  better  to  repeat  these  experi¬ 
ments.  Early  in  December,  1949,  a  schedule  of 
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regular  weekly  periodic  seedings  using  about  1000  in  the  next  28-day  period,  the  value  of  CC(7)  rose 

grams  of  sUver  iodide  per  week  was  started  in  to  0.91. 

New  Mexico,  and  this  has  continued  with  a  few  Tabi£  1  gives  the  average  rainfall  in  inches  per 
modifications  until  two  or  three  months  ago.  station  day  during  140  days  at  20  stations  desig- 

Almost  immediately,  that  is,  during  December,  nated  as  Group  A  in  the  Ohio  Valley  Basin,  repre- 

1949  and  January,  1950,  it  was  noted  that  the  sentative  of  an  area  of  about  600,000  square  miles, 

rainfall  in  the  Ohio  River  Basin  began  to  show  a  The  successive  rows  correspond  to  five  successive 

definite  weekly  periodicity.  A  convenient  way  of  28-day  periods.  It  will  be  noted  that  the  average 


Table  1 


Rainfall  (Inches  per  Sxation  Day)  for  Groitp  A  Stations  for  a  140-DAy  Period  froh  Decehber  8,  1949 

TO  April  29,  1950 

Period  Ave.  Sun. 

Mon. 

Tue. 

Wed. 

Tkur. 

Fri. 

Sat. 

CC(28)i  Days 

II  0.231  0.296 

0.337 

0.326 

0.318 

0.146 

0.119 

0.076 

0.40  1.22 

III  .210  .192 

.257 

.319 

.190 

.307 

.181 

.022 

0.48  2.40 

IV  .134  .  089 

.189 

.290 

.203 

.116 

.017 

.038 

0.56  2.43 

V  .119  .206 

.294 

.032 

.057 

.049 

.064 

.126 

0.26  0.11 

VI  .104  .143 

.280 

.142 

.034 

.007 

.037 

.057 

0.53  1.00 

Ave.  0.160  .185 

.272 

.224 

.158 

.125 

.084 

.064 

CC(3S) 

R  *  0.689 

SF  -  1700:1 

0  . 

1.60  da}rs 

Table  2 

Comparison  of  Rains  on  Toxsoay  and  on 

Saturday  for  12-week  Period— December  13,  1949  to 

March  4,  1950 

Periods  II,  III,  IV 

THESE  DATA 

ARE  TYPICAL  OF  CONDITIONS 

OVER  ABOUT  1,000,000  SQ.  MILES 

Buffalo 

Wilkes  Barre 

Pkiladelpkia 

Tuesday 

Tues. 

Sal. 

Tues. 

SaL 

Tues. 

So/. 

Dec.  13 

0.11 

— 

.75 

— 

0.38 

— 

20 

.48 

.09 

— 

— 

— 

— 

27 

.06 

.01 

.02 

— 

.29 

— 

Jan.  3 

.60 

.08 

.14 

— 

.09 

.04 

10 

..67 

— 

.47 

— 

.11 

.05 

17 

— 

.01 

— 

.01 

.06 

.02 

24 

.42 

— 

.14 

.04 

.01 

.08 

31 

.35 

— 

.32 

— 

.65 

— 

Feb.  7 

— 

— 

— 

— 

— 

— 

14 

1.22 

.13 

.20 

— 

.64 

— 

21 

0.21 

— 

.06  . 

«  — 

— 

— 

28 

0.26 

— 

— 

— 

.04 

— 

Total 

4.38 

.32 

2.10 

.05 

2.27 

.19 

Ratio 

13.6 

42.0 

12.0 

Number  of  rains  0.10 
or  more 

9:1 

6:0 

5:0 

Sig.  factor 

1200 

90 

’*  70 

measuring  the  degree  of  periodicity  wfis  to  calcu-  rainfall  on  Monday  was  0.272",  whereas  on  Satur- 

late  the  correlation  coefficient  CC  between  the  rain-  day  it  was  only  0.064",  a  ratio  of  4.3:1.  The 

fall  on  the  successive  days  during  a  28-day  period,  next  to  the  last  column  gives  CC(28),  the  periodic 

with  the  sine  or  the  cosine  of  the  time  expressed  correlation  coeffidents  for  each  28-day  period,  and 

as  fractions  of  a  week,  the  phase  being  taken  to  the  last  column  gives  the  phases  in  the  successive 

be  0  on  Sundays.  periods.  Taking  the  35  separate  values  for  the 

Just  before  the  start  of  the  periodic  seedings,  4-week  averages  given  in  the  table,  one  gets 

the  correlation  coefficient  CC(7)  based  on  the  seven  CC(35)  -  0.689  with  a  phase  of  l.W  days.  This 

average  values  for  the  successive  days  of  the  week  result  is  statistically  highly  significant, 

of  the  28-day  period  amounted  to  only  0.23,  but  These  periodicities  in  rainfall  were  evident  at  al- 
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most  any  set  of  stations  in  the  northeastern  part 
of  the  United  States.  T^ble  2  gives  the  rainfall 
on  successive  Tuesdays  and  Saturdays  during  a 
12-week  period  during  the  winter  of  1949-1950  at 
Buffalo,  Wilkes-Barre,  and  Philadelphia.  This  pe¬ 
riodicity  is  almost  the  same  as  that  found  in  the 
Ohio  River  Basin  but  with  a  one-day  phase  lag. 
The  striking  contrast  between  the  total  rains  on 
Tuesdays  and  Saturdays  runs  parallel  to  the  total 
number  of  days  on  which  rains  of  0.1'  or  more 
occurred  on  Tuesdays  and  on  Saturdays. 

Maps  have  been  prepared  giving  for  24  succes¬ 
sive  28-day  periods  the  distribution  of  correlation 
coeflScients,  CC(28),  among  17  sub-divisions  of  the 
United  States,  these  data  being  based  on  daily 
weather  reports  of  24-hour  rainfall  at  160  stations. 
During  the  first  five  28-day  periods,  ther^were 
always  several  adjacent  sub-divisions  that  showed 
high  weekly  periodicities  in  rainfall.  After  May, 

1950,  however,  the  periodicities  became  somewhat 
^radic,  although  highly  significant  periodicities 
over  large  areas  still  occurred  during  more  than 
half  of  the  periods  after  July,  1950.  Presumably 
the  large  amount  of  commercial  silver  iodide  seed¬ 
ing  in  the  western  states  (not  done  with  a  weekly 
periodicity)  masks  the  effects  of  the  periodic  seed- 
ings  in  New  Mexico.  By  a  map,  the  areas  were 
shown  in' which  known  seeding  operations  have 
been  carried  on  in  1951.  In  15  states  west  of  the 
95®  W  meridian  (excluding  Texas)  about  550,000 
square  miles  or  37  per  cent  of  the  total  area  of 
these  states  were  under  seeding  contracts  during 

1951. 

Maps  for  the  months  from  December,  1949, 
through  July,  1950,  taken  from  the  Monthly 
Weather  Review  illustrate  the  distribution  of  ab¬ 
normally  large  rainfalls  over  the  .Unite  States. 
The  heavy  rains  nearly  always  occurre  in  a  band 
extending  from  the  southwestern  to  the  north¬ 
eastern  states. 

An  anal)rsis  of  the  perieicity  in  the  rainfall  in¬ 
duce  by  periodic  seeing  was  presente  in  a  paper 
read  October  12,  1950  before  the  National  Ace- 
emy  of  Sciences.  The  areas  having  a  high  weekly 
perieicity  were  generally  the  same  as  those  show¬ 
ing  the  highest  abnormalities  in  rainfall.  Such 
heavy  rains  can  only  occur  if  the  winds  and  the 
barometric  pressures  cause  an  adequate  supply  of 
moisture  to  flow  from  the  Gulf  of  Mexico.  The 
perieicities  in  the  pressure  differences  between 
Corpus  Christi  and  Jacksonville  were  studied. 
During  the  first  140  days  after  seeding  began. 
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there  was  a  highly  significant  weekly  periodicity 
indicating  a  periodic  air  flow  from  the  Gulf. 

The  upper  air  temperatures,  even  up  to  the 
stratosphere,  showed  a  high  weekly  periodicity 
over  more  than  half  of  the  United  States.  Nine 
stations  representative  of  an  area  of  1,300,000 
square  miles  gave  850  mb  temperatures  having 
CC(28)  greater  than  0.5.  These  data  were  pub¬ 
lished,  in  detail  for  Chicago  and  in  summary  for 
eight  other  stations,  in  the  December  issue  of 
“The  Bulletin  of  the  American  Meteorological  So- 

Table  3 

Periodic  Component  op  Variance,  April  1950 
AND  1949 


lOOW 

90W 

tow 

Ave. 

45N 

63.6 

71.6 

47.1 

60.7 

3.1 

1.8 

4.1 

3.0 

40N 

70.4 

82.2 

49.2 

67.3 

0.6 

0.8 

6.0 

2.5 

35N 

29.7 

18.3 

27.7 

25.3 

7.4 

1.4 

0.6 

3.1 

Ave. 

55.6 

57.4 

41.3 

51.1 

3.7 

1.3 

3.6 

2.9 

Table  4 

Residual  Component  op  Variance,  April  1950 
AND  1949 


lOOlV 

90W 

80IV 

Ave. 

45N 

59.5 

37.4 

48.1 

49.2 

66.2 

87.9 

55.0 

69.7 

40N 

37.6 

33.0 

67.9 

46.1 

70.2 

51.7 

60.5 

60.8 

35N 

26.1 

56.6 

53.5 

45.4 

48.2 

21.1 

30.5 

33.3 

Ave. 

42.0 

42.3 

56.5 

46.9 

61.5 

53.5 

48.6 

54.5 

ciety,”  and  a  statistical  analysis  was  given  which 
proved  that  these  periodicities  were  highly  signifi¬ 
cant.  Mr.  William  Lewis  and  Mr.  £.  Wahl,  Bull. 
Amer.  Met.  Soc.  32:  192-3  (1951),  and  Mr.  Harry 
Wexler,  Chem.  Eng.  News  29:  3933  (1951),  main¬ 
tained,  however,  that  these  data  on  the  periodici¬ 
ties  in  temperature  were  not  truly  significant  and 
similar  weekly  periodicities  have  frequently  oc¬ 
curred  in  the  past. 

The  degree  of  periodicity  in  upper  air  tempera¬ 
tures  observed  in  1950  during  April,  July,  and  No¬ 
vember  show  a  statistical  significance  of  a  much 
•higher  order  of  magnitude  than  those  referred  to 
by  Lewis,  Wahl,  and  Wexler.  To  iUustrate  this, 
an  analysis  has  been  made  of  the  temperatures  at 
tMe  700  mb  level  at  nine  stations  in  the  United 
States  at  the  intersections  of  the  80,  90,  and  100® 
W  meridians  with  the  35,  40,  and  45®  N  parallels. 
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The  values  of  CC(28)  at  these  9  points  of  inter¬ 
section  ranged  from  0.50  to  0.85.  The  area  repre¬ 
sented  is  1.5  million  square  miles. 

Recently,  we  have  extended  this  grid  of  regu¬ 
larly  ^>aced  stations  to  include  the  intersections  of 
the  45*  N  paraUel  with  the  70*  W  and  110“  W 
meridian,  these  points  giving  CC  values  of  0.66 
and  0.65  re^>ectively.  The  30“  N,  80“  W  inter¬ 
section  just  off  Jacksonville,  Florida  also  gave  a 
correlation  of  0.65.  We  thus  have  an  area  of  two 
million  square  Iniles  or  }  of  the  area  of  the  United 
States  in  which  CC(28)  exceeds  0.50  with  a  mean 
value  of  CC(28)  -  0.67. 

We  have  also  examined  these  periodicities  at 
corresponding  points  for  preceding  and  for  follow¬ 
ing  periods.  The  28-day  period  in  May  showed 
low  correlations.  On  the  other  hand,  the  two 
preceding  p>eriods  gave  highly  significant  values. 
Apparently,  the  high  periodicity  in  the  u^r  air 
temperatures  started  about  January  25,  1^  and 
continued  on  until  about  May  1,  1950,  covering 
an  average  area  of  about  half  of  the  United  States. 

For  the  nine  points  of  intersection  during  a  28- 
day  period  in  April,  1950,  the  total  variance  of 
the  temperature  was  determined  by  taking  the 
total  sums  of  the  squares  of  the  deviations  of  these 
temperatures  from  their  mean  and  dividing  by  27, 
the  number  of  degrees  of  freedom.  The  data  ob¬ 
tained  in  this  way  are  called  the  “total  variance.” 
By  multiplying  these  values  for  each  of  the  nine 
stations  by  the  corre^nding  square  of  the  corre¬ 
lation  coefficient,  CC(28),  one  obtains  the  “pe¬ 
riodic  component  of  the  variance.” 

Exactly  similar  calculations  were  made  for  a 
28-day  period  in  April,  1949  when  there  was  no 
periodic  seeding.  The  results  are  given  in  table 
3.  At  each  point,  the  upper  figure  is  the  “periodic 


component  of  variance”  for  the  April,  1950  period, 
and  the  lower  figure  is  the  corresponding  value  for 
April,  1949.  The  average  values  for  all  these  nine 
points  show  that  the  “periodic  variance”  in  1950 
was  18  times  as  great  as  in  1949. 

Table  4  gives  the  corresponding  values  of  the 
“residual  component  of  variance”  obtained  by  su'b- 
tracting  the  “periodic  variance”  from  the  “total 
variance.”  These  data  then  indicate  how  all  the 
other  kinds  of  periodicities,  beside  the  seven-day 
periodicity,  compared  with  one  another  in  the  two 
years.  It  will  be  seen  that  there  is  only  about  a 
10  per  cent  difference  between  the  average  vari¬ 
ance  of  this  type  for  1950  and  1949. 

It  seems,  therefore,  that  the  temperature  fluc¬ 
tuations  in  1950  essentially  differed  from  those  in 
1949  only  in  the  superimposition  of  an  extremely 
hij^  seven-day  periodicity. 

Quite  similar  results  have  been  obtained  by  de¬ 
tailed  studies  of  the  upper  air  temperatures  in 
July,  1950  and  November,  1950. 

Seeding  with  Sodium  Chloride 

Observations  in  Puerto  Rico  in  1949  and  in  the 
Hawaiian  Islands  in  1951  have  shown  that  the 
rainfall  depends  on  relatively  large  particles  of  sea 
salt  in  the  air,  in  accord  with  the  publications  of 
A.  H.  Woodcock  and  Mary  Gifford.  Calculations' 
of  the  rate  of  growth  of  salt  particles  indicate  that 
it  should  frequently  be  possible  to  induce  heavy 
rainfall  by  introducing  salt  into  the  trade  wind  at 
the  rate  of  about  one  ton  per  hour  in  the  form  of 
fine  dust  particles  of  about  25  microns  in  diameter. 
The  heat  generated  by  the  condensation  may  lib¬ 
erate  so  much  heat  as  to  produce  profoimd  changes 
in  the  air  flow  and  the  synoptic  conditioqs  in 
neighboring  areas.  * 


AN  EVALUATION  OF  THE  TECHNIQUE  OF  CLOUD  SEEDING  TO  DATE* 
By  FERGUSON  HALLf 


Raiiunaking  and  other  possibilities  of  weather 
control  are  stimulating  topics,  and  the  major  at¬ 
tempt  to  increase  rainfall  in  the  West  during  the 
past  season  has  been  the  subject  of  both  interest 
and  concern  in  many  quarters.  The  last  year  has 
seen  claims  advanced  of  control  of  the  major  cir¬ 
culation  of  the  atmosphere  with  a  single  silver 
iodide  generator.  Millions  of  dollars  have  been 
paid  to  professional  “rainmakers”  in  the  western 
half  of  the  country  in  the  hqx  of  producing  sub¬ 
stantial  changes  in  the  rainfall  regime  Such  ef¬ 
forts  have  been  supported  not  only  by  ranchers 
and  farmers,  but  by  large  power  companies,  and 
ev%n  agencies  of  federal  and  local  governments. 
Regulatory  legislation  has  been  enacted  in  several 
states,  and  numerous  bills  were  introduced  in 
Congress.  Rainmaking  efforts  were  credited  with 
both  the  Kansas  floods  and  the  Arizona  and  New 
Mexico  drouths.  Many  projects  were  instituted 
in  foreign  countries,  some  operated  by  rainmakers 
imported  from  the  United  States  and  others  con¬ 
ducted  by  local  scientists.  Research  in  the  basic 
mechanisms  of  precipitation  and  in  the  many 
aspects  of  cloud  physics  showed  a  marked  increase, 
the  feeling  in  many  quarters  being  that  only 
through  a  more  complete  understanding  of  natural 
processes  could  the  possible  effects  of  cloud  seed¬ 
ing  be  determined. 

Throughout  the  year  the  Weather  Bureau  has 
attempted  to  keep  fully  informed  on  all  of  the 
various  aspects  of  the  subject.  It  has  conducted 
basic  investigations  of  the  physics  of  cloud  and 
precipitation  elements,  and  evaluations  of  several 
cloud  seeding  projects  have  been  initiated.  The 
suggestion  by  Project  Cirrus  that  the  weather  over 
vast  areas  might  be  controlled  with  a  single  silver 
iodide  generator  seemed  particularly  interesting. 
.The  existence  of  such  effects,  if  substantiated, 
would  be  of  the  greatest  importance,  not  only  in 
creating  the  possibility  of  substantial  improve¬ 
ments  in  weather  at  small  effort,  but  also  in  assess¬ 
ing  the  effects  of  the  hundred  or  so  odd  generators 
which  have  been  functioning  in  connection  with 
commercial  rainmaking  projects.  As  a  part  of 
its  research  program,  therefore,  the  Bureau  has 

*  Thit  paper  was  presented  as  the  second  of  two  in  the  Sym¬ 
posium  on  Cloud  Seeoinc,  held  by  the  Section  on  October  23,  1931. 
t  United  States  Weather  Bureau,  Washington  D.  C. 


for  the  past  year  been  reviewing  the  claims  ad¬ 
vanced  by  Cirrus  in  an  attempt  to  establish  by 
recourse  to  available  data  whether  it  is  likely  that 
large-scale  effects  were  actually  produced.  This 
analysis  is  not  complete  at  present.  Because  of 
the  great  interest  in  the  matter,  however,  and  in 
view  of  numerous  statements  by  Cirrus,  it  has 
been  thought  desirable  to  present  at  this  time  a 
brief  progress  report  containing  some  examples 
the  methods  employed. 

Seven-day  Periodicities.  Project  Cirrus  oper¬ 
ated  a  silver  iodide  generator  at  Socorro,  New 
Mexico,  on  a  weekly  periodic  basis  from  the  first 
part  of  December,  1949,  to  June,  1951.  As  un¬ 
derstood,  the  purpose  of  this  operation  was  to  in¬ 
ject  a  weekly  periodic  component  into  the  precipi¬ 
tation  falling  in  the  areas  in  which  the  silver  iodide 
smoke  was  present.  Study  of  rainfall  data  during 
the  early  periods  of  the  experiment  did  indicate 
weekly  periodicities  in  various  sections  of  the 
country.  It  was  noted,  however,  that  similar 
periodicities  were  also  present  in  other  weather 
elements  associated  with  the  major  circulation 
patterns  of  the  atmosphere.  Rainfall  is  known 
to  be  closely  associated  with  these  circulation  pat¬ 
terns,  and  if  periodicities  were  found  in  the  circu¬ 
lation  it  would  only  be  natural  to  e:q>ect  them  to 
be  reflected  in  the  rainfall.  Project  Cirrus  there¬ 
upon  enlarged  its  original  hypothesis  to  include 
control  of  such  quantities  as  upper-air  tempera¬ 
tures,  pressure-differences,  tr^^pause  heights,  etc. 

The  Weather  Bureau  has  attempted  to  deter¬ 
mine  first  of  all  whether  periodicities  occurred  dur¬ 
ing  the  time  of  seeding  which  would  not  be 
expected  from  normal  weather  sequences,  and, 
secondly,  whether  any  periodicities  were  geograph¬ 
ically  associated  with  the  location  of  the  seeding 
generator.  The  first  step  was  necessary  because 
it  has  been  observed  for  many  years  that  atmos¬ 
pheric  motions  often  tend  to  fall  into  a  periodic 
regime  lasting  for  a  month  or  more  and  having 
periods  of  around  seven  days. 

A  periodic  component  in  a  series  of  data  can 
have  a  number  of  characteristics,  such  as  ampli¬ 
tude,  phase,  duration,  and  correlation  with  the 
original  data.  The  amplitude  might  be  thought 
of  as  a  measure  of  the  importance  of  the  compo- 
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nent;  the  phase  and  persistence  of  phase  might 
show  relationship  to  a  driving  mechanism,  if  any; 
the  duration  might  relate  lx)th  to  the  importance 
and  predictability  of  the  component;  and  the  cor¬ 
relation  might  be  thought  of  as  a  measure  of  the 
relative  importance  of  the  component  as  compared 
with  the  other  variations  present.  In  some  cases, 
statistical  theory  provides  significance  tests  for  the 
reality  of  periodic  components,  but  these  tests  are 
vitiated  in  time  series  data,  such  as  weather  ob- 
seiA-ations,  that  usually  show  persistence  and  quasi¬ 
periodicities.  For  this  reason,  the  familiar  F-test 
was  not  used  but  a  direct  comparison  was  made 
between  the  periodic  components  in  the  meteoro¬ 
logical  data  before  and  after  seeding.  The  same 
components  were  used  in  the  study  of  the  geo¬ 
graphical  distribution  of  periodicities. 


Figuke  1.  Histogram  of  correlation  coeflicients  (or  7-day  com¬ 
ponent  during  600  28-day  periods.  Pressure  difference  across  nor¬ 
thern  Gulf  of  Mexico  Aa  (30*N  80°W  minus  30"N  95*W). 


One  of  the  quantities  in  which  Project  Cirrus 
had  found  strong  periodicities  during  the  first 
months  of  seeding  was  the  pressure  difference 
across  the  northern  edge  of  the  Gulf  of  Mexico, 
The  data,  both  during  seeding,  and  back  to  1899, 
was  grouped  into  28-day  intervals,  and  the  7-day 
Fourier  components  of  best  fit  were  computed. 
Figi’RE  1  shows  a  histogram  of  frequency  distribu¬ 
tion  of  correlation  coefficients  obtained  from  the 
600  separate  28-day  periods  up  to  the  beginning 
of  seeding.  Values  for  the  first  twelve  28-day  pe¬ 
riods  of  seeding  are  indicated  by  the  arrows.  It 
will  be  noted  that  several  of  the  values  are  quite 
high,  although  not  beyond  the  realm  of  experience. 
The  first  five  seeding  periods  showed  rather  large 
coefficients  and  practically  the  same  phase.  This 
was  taken  as  one  of  the  most  unusual  events  occur¬ 
ring  during  the  seeding  period.  Examination  of 
past  data  showed  only  one  case  as  large  (occurring 
in  l‘X)0),  and,  curiously,  the  phases  of  the  two 
were  almost  identical.  The  effect,  however,  failed 


to  reappear  during  the  remainder  of  the  seeding 
trials.  L 

The  next  parameter  investigated  was  the  tem-  I 
perature  at  700-mb.  (approximately  10,000  ft.)  1 
over  Omaha,  in  which  Cirrus  had  found  a  large 
periodicity  in  April,  1950.  Again  a  study  was 
made  of  periodicities  occurring  in  the  past  data 
back  to  1935,  when  upper-air  observations  began. 
From  the  200  28-day  intervals  prior  to  seeding, 
frequency  distributions  of  correlation  coefficients 


0*  r  t*  J*  **  »•  ••  »•  ••  »•  !©• 


Fici'ee  2.  Harmonic  dial  showing  amplitude  (°C.)  and  phase 
(day  of  week)  of  7-day  component  in  700-mb.  Om^a  temper¬ 
ature.  28-day  periods  beginninft  two  months  Iwfore  regular 
seeding.  Beginning  dates  of  periods  follow; 

0— Oct.  16,  ’49  10— July  23 


1 —  Nov.  13 

2—  Dec.  11 

3—  Jan.  8,  ’50 

4—  Feb.  5 

5—  Mar.  5 

6 —  Apr.  2 

7—  Apr.  30 

8—  May  28 

9—  June  25 


11—  Aug.  20 

12—  Sept.  17 

13—  Oct.  15 

14—  Nov.  12 

15—  Dec.  10 

16—  Jan.  7,  ’51 

17— Feb.  4 

18—  Mar.  4 

19 — Apr.  1 


) 


and  amplitudes  were  prepared.  Amplitudes  anJ 
phases  for  each  28-day  interval  beginning  Octoder 
16,  1949,  two  months  prior  to  seeding,  are  pre-  | 
sented  on  the  harmonic  dial  shown  in  figvre  2. 
Circles  labeled  10  per  cent  and  1  per  cent  indicate 
the  relative  frequency  of  occurrence  of  amplitudes 
of  such  magnitudes  in  the  past  data.  It  must  be 
emphasized,  however,  that  these  relative  frequen¬ 
cies  are  not  too  reliable  for  predicting  the  frequency 
to  be  expectc<l  during  the  seeding,  because  of  i 
sampling  fluctuations  and  because  of  possible  I 
changes  in  the  statistical  population  due  to  weather  | 
trends,  etc.  The  different  28-day  interv’als  are  | 
numbered,  the  seeding  beginning  with  interval  2.  I 
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The  large  amplitude  occurring  in  April,  1950, 
(point  6  in  the  diagram)  appears  quite  unusual. 
Some  of  the  other  values  are  also  somewhat  higher 
than  would  be  expected  from  the  past  records. 
It  will  be  observed,  however,  that  during  much  of 
the  seeding  experiment  the  amplitudes  are  quite 
normal.  It  can  also  be  seen  that  no  significant 


the  seeding  period,  can  be  found  from  an  inspec¬ 
tion  of  past  records,  was  illustrated  by  two  articles 
appearing  in  the  May,  1951,  issue  of  the  Bulletin 
of  the  American  Meteorological  Society.  For  ex¬ 
ample,  Mr.  William  Lewis  of  the  Weather  Bureau 
describes  the  results  of  selecting  three  cases  from 
a  simple  inspection  of  upper-air  temperature  data 


Figubi  3.  ThUv  periodic  component  in  height  of  70n-mb.  surface.  Amplitude  factor — dashed  lines.  Day  of  maximum  height— solid 
lines.  April  2  to  29, 19S0. 


change  accompanied  the  initiation  of  the  regular 
seeding  schedule  (between  points  1  and  2).  The 
phase  of  the  seeding  was  changed  approximately 
180°  between  periods  14  and  15,  16  and  17,  and  18 
and  19.  No  significant  corresponding  changes  can 
be  observed  in  the  periodicities  of  the  temperature. 
During  period  16  the  amplitude  was  so  low,  how¬ 
ever,  that  it  is  doubtful  if  any  periodicity  existed. 

The  fact  that  high  correlation  coefficients,  of 
the  same  order  of  magnitude  as  the  highest  during 


from  1938  to  1942.  Perhaps  the  most  striking  of 
these*  cases  is  that  at  Bismarck,  North  Dakota, 
where  a  periodicity  lasting  56  instead  of  28  days 
was  as  significant  as  that  for  .April,  1950,  at  Joliet, 
found  by  Dr.  Langmuir  of  Project  Cirrus.  Peri¬ 
odicities  were  found  in  the  surface  temperatures 
at  Boston  by  the  Air  Force  Cambridge  Research 
Center  which  were  also  comparable  to  the  April, 
1950,  case. 

As  mentioned,  the  Weather  Bureau  is  also  study- 


Fiodu  4.  7-<lay  periodic  component  in  height  of  700-mb.  eurface. 
linet.  January  7  to  February  3,  1931, 

ning  January  7,  1951.  The  weather  element  in 
this  case  is  the  height  of  the  700-mb.  surface.  The 
charts  (figures  3  and  4)  show  centers  of  maximum 
amplitude  of  7-day  periodicity  and  lines  of  equal 
phase  (day  of  week  of  maximum  amplitude).  It 
is  striking  that  in  both  charts  there  are  several 
“highs”  of  amplitude  of  periodicity  throughout  the 
northern  hemisphere.  This  was  also  true  prior  to 
seeding,  and  during  the  other  months  of  the  experi¬ 
ment.  It  is  also  notable  that  in  many  cases  the 


Amplitude  factor — dashed  lines.  Day  of  maximum  height— solid 

of  correlation  coefficients  will  be  prepared,  and  the 
analysis  will  be  repeated  for  700-mb.  temperatures. 

Questions  of  other  than  a  purely  statistical 
nature  will  undoubtedly  arise  in  evaluating  the 
probable  effects  of  the  project.  It  has  been  found 
by  some  investigators,  for  instance,  that  silver 
iodide  deteriorates  rapidly  when  exposed  to  sun¬ 
light.  The  rate  of  diffusion  and  trajectory  of  drift 
of  silver  iodide  remain  somewhat  uncertain.  The 
lack  of  any  apparent  physical  connection  between 
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ing  the  geographic  distribution  of  7-day  periodici-  maximum  amplitudes  do  not  lie  near  the  United 
ties  over  the  entire  northern  hemisphere,  beginning  States.  Inspection  of  the  available  charts,  fur- 
September  13,  1949,  and  continuing  through  the  thermore,  fails  to  disclose  any  significant  concen- 
seeding  period.  This  analysis  also  is  not  com-  tration  near  the  United  States.  Lines  of  constant 
plete,  but  it  is  possible  to  present  two  charts  of,  phase  appear  to  show  r^larity  of  spacing  not 
the  series,  one  for  the  28-day  period  begiiining  only  within  the  United  States  but  at  other  points 
April  2,  1950,  and  the  other  for  the  period  begin-  in  the  northern  hemisphere.  Similar  distributions 
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I  the  release  of  silver  iodide  and  the  upper-air 
I  temperatures,  for'  instance,  at  great  distances, 
raises  other  problems.  Furthermore,  the  absence 
of  any  statement  in  advance  of  the  project  as  to 
just  what  results  would  be  looked  for  makes  sub- 

I  sequent  evaluation  less  rigorous. 

CeHtral  Aspects  of  Cloud  Seeding.  Turning  now 
from  the  matter  of  periodicities,  it  will  be  in¬ 
teresting  to  review  some  of  the  other  aspects  of 
cloud  seeding  and  rainmaking  which  have  devel¬ 
oped  during  the  last  year  or  so.  As  mentioned 
earlier,  a  considerable  effort  is  being  devoted  to 
I  fundamental  research  into  cloud  physics  and  the 
mechanism  of  precipitation.  A  more  complete 
i  understanding  of  these  matters  might  eventually 
[  disclose  any  weaknesses  in  the  natural  processes 
1  that  could  be  exploited  to  advantage,  and  would  at 
the  same  time  afford  a  basis  for  quantitative 
!  estimates  of  the  effectiveness  of  human  inter- 

F  vention.  At  present,  however,  cloud  physics  is 

j  really  only  in  its  infancy,  thus  making  it  almost 
^  impossible  to  answer  questions  regarding  cloud 
I  seeding  in  the  laboratory  or  with  the  slide  rule. 
Cloud  seeding  with  dry  ice  or  with  silver  iodide 
is,  of  course,  based  on  the  theory  that  raindrops 
and  snowflakes  begin  their  lives  as  tiny  ice  particles 
embedded  in  a  cloud  of  supercooled  cloud  drop- 
^  lets,  and  that  they  grow  to  appreciable  size  at  the 
eq>ense  of  the  liquid  water  in  the  cloud.  Sub¬ 
sequent  growth  then  results  from  collisions,  both 
with  each  other  and  with  cloud  drrqflets.  Re¬ 
cently  a  number  of  prominent  meteorologists  have 
discounted  the  need  for  ice  particles,  particularly 
in  shower-typ>e  clouds,  relying  solely  on  the  col¬ 
lision  process.  Their  theory,  however,  requires 
the  presence  of  a  certain  number  of  rather  large 
cloud  drc^  to  initiate  the  process.  If  we  assume 
for  the  present  that  the  ice  crystal  theory  is 
correct  in  our  latitudes,  we  still  have  little  in¬ 
formation  as  to  the  natural  concentration  of  ice 
particles  in  normal  clouds.  Cloud  seeding  assumes 
blithely  that  in  all  cases  there  are  deficiencies  in 
such  crystals,  and  sets  out  to  increase  them  in 
great  numbers.  Since  most  clouds  qf  any  con¬ 
siderable  thickness  (and  which  ther^ore  contain 
substantial  amounts  of  water)  do  produce  rain  or 
snow  naturally,  it  would  seem  likely  that  large 
numbers  of  ice  crystals  are  furnished  in  such  cases 
by  natural  causes.  Whether  the  concentration 
provided  by  nature  is  substantially  optimum,  as 
regards  subsequent  precipitation,  is  not  known. 
Investigators  believe  they  have  noticed  variations 
of  the  order  of  one  million  times  in  the  concentra¬ 


tion  of  ice  producing  nuclei  in  the  air.  It  has  not 
thus  far  been  possible  to  detect  any  changes  in  the 
behavior  of  rain-bearing  clouds  of  this  order  of 
magnitude.  Curiously,  there  is  even  a  consider¬ 
able  body  of  evidence  supporting  the  theory  that 
precipitating  clouds  contain  too  many  rather  than 
too  few  ice  particles. 

As  a  result  of  the  q}parent  hopelessness  of  pre¬ 
dicting  cloud  seeding  results  from  purely  physical 
principles,  many  field  tests  with  dry  ice  have  been 
conducted  in  different  parts  of  the  world.  Pos¬ 
sibly  because  of  the  publicity  which  attended  the 
first  experiments,  most  of  the  field  tests  were  con¬ 
ducted  on  the  supposition  that  the  effects  would 
be  quite  obvious,  and  that  formal  statistical  design 
would  not  be  necessary.  It  has  turned  out,  how¬ 
ever,  that  although  the  conversion  of  some  super¬ 
cooled  cloud  masses  into  ice  crystals  by  airplane 
seeding  falls  into  this  “obvious”  category,  stune 
of  the  more  useful  aspects  of  cloud  seeding,  such  as 
producing  large  holes  in  cloud  decks  or  laying 
down  substantial  rainfall  on  the  ground,  in  any 
regular,  predictable  fashion,  have  not  been  defi¬ 
nitely  established.  Other  projects  were  conducted 
for  the  stated  purpose  of  experimentation,  and  it 
was  felt  that  an  orderly  procedure  might  unduly 
restrict  the  work.  The  only  objection  to  this 
approach  was  that  the  experimenters  often  held  up 
their  rather  isolated  tests  as  almost  final  proof 
of  the  results  of  seeding  to  be  expected  generally 
throughout  the  world. 

There  still  has  been  no  systematic  study  of  the 
possibility  of  creating  large  openings  in  layers  of 
clouds.  Even  here  it  is  probable  that  the  factors 
involved  are  quite  complex  and  that  the  process 
may  work  under  certain  conditions  and  not  at  all 
under  different  situations.  With  regard  to  the 
initiation  or  production. of  precipitation  with  dry 
ice,  it  seems  fairly  well  established  that  seeding  will 
initiate  the  process  in  certain  non-raining  clouds. 
The  difficulty  arises,  as  mentioned  before,  that 
clouds  which  are  certain  not  to  rain  naturally 
usually  contain  insignificant  amounts  of  moisture. 
If  the  larger  clouds  are  taken  for  experiment,  it  is 
found  that  they  are  quite  often  precipitating 
naturally,  or  are  about  ready  to  precipitate.  Here 
the  experimenter  is  hard  put  to  decide  whether  any 
rain  which  falls  is  natural  or  can  be  credited  to  the 
seeding  operation.  Tests  with  silver  iodide  ground 
generators  are  even  more  difficult,  since  we  have  no 
exact  knowledge  of  the  rate  at  which  the  smoke 
diffuses  into  the  upper  air  or  as  to  the  drift  of  the 
substance  downwind  from  the  generator.  Thus 
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we  hardly  know  where  to  look  for  any  results. 
Possibly  as  a  consequence,  we  know  of  no  scien- 
tificially  designed  studies  of  the  effect  of  silver 
iodide  upon  precipitation. 

It  was  not  long  after  the  announcement  of  the 
first  seeding  of  clouds  that  the  field  was  entered  by 
professional  “rainmakers.”  Such  operators  natu* 
rally  assumed  that  the  process  would  work,  and 
consequently  did  not  feel  compelled  to  adopt 
orderly  statistical  procedures,  if  indeed  such  design 
is  possible.  Only  rather  crude  evaluations  of  such 
operations  can  be  made,  and  they  may  inquire 
only  into  the  question  of  whether  a  particular 
rainmaker’s  operations  produced  a  detectable  effect 
on  precipitation.  Because  of  uncertainties  as  to 
the  actual  concentration  of  silver  iodide  in  the 
atmosphere,  virtually  nothing  can  be  learned  of  the 
possible  or  optimum  effects  which  might  be  pro¬ 
duced.  A  number  of  the  rainmakers  have  offered 
their  own  evaluations  of  their  operations,  most  of 
them  tending  to  indicate  positive  results.  In 
most  cases,  however,  methods  of  analysis  are  not 
chosen  in  advance,  nor  in  many  cases  has  there 
been  an  attempt  to  determine  the  statistical  sig¬ 
nificance  of  the  results  produced.  Quite  often  it 
appears  obvious  that  the  variations  noticed  were 
well  within  the  natural  variations  to  be  expected 
from  natural  causes.  Independent  evaluations  of 
rainmaking  projects  in  Colorado  and  Oregon  have 
been  made  by  the  Colorado  Agricultural  and 
Mechanical  College  and  by  Oregon  State  College 
in  cooperation  with  the  Soil  Conservation  Service. 
Neither  found  evidence  of  significant  effects. 

Considering  the  broad  aspects  of  adequate  field 
tests  of  such  an  elusive  agent  as  silver  iodide 


smoke,  it  would  appear  almost  necessary  that  [ 
instruments  be  developed  to  measure  not  only  the  ! 
concentration  in  the  target  areas,  but  such  other  > 
factors  as  the  natural  ice  nuclei  content  of  the  air  j 
and  the  ice  crystal  content  of  clouds,  in  cases  both 
where  precipitation  is  falling  and  those  in  which  it 
is  not.  If  wide  variations  in  natural  nuclei  are 
present,  as  has  been  proposed,  then  a  simple  i 
correlation  between  nuclei  counts  and  the  be- 
havior  of  clouds  in  the  vicinity  should  throw  con-  j 
siderable  light  on  the  importance  of  nuclei  in  cloud 
physics.  Addition  of  artificial  nuclei  would  serve 
to  extend  the  range  of  concentration,  and  thus 
permit  studies  of  the  effects  of  the  higher  values. 

At  present,  however,  instrumentation  is  totally 
inadequate  to  permit  these  investigations.  The  ^ 
sooner  we  can  measure  these  important  factors,  the 
sooner  the  mysteries  of  precipitation  processes, 
natural  and  artificial,  can  be  solved.  i 

In  conclusion,  it  is  the  opinion  of  the  Weather  ' 
Bureau  that  in  spite  of  the  rather  discouraging 
results  of  most  of  the  field  tests,  it  is  likely  that  , 
cloud  seeding  has  some  effect  on  precipitation. 

Our  impression  is  that  the  effects  must  be  quite 
modest,  since  it  is  so  difficult  to  detect  them. 
Whether  their  magnitude  is  purely  nominal  or 
whether  they  would  be  of  economic  consequence  in 
certain  areas,  remains  undetermined.  Whether 
seeding  may  be  useful  only  in  special  weather 
conditions  is  another  factor  that  will  eventually 
have  to  be  considered.  It  is  our  feeling  at  the  ^ 
moment,  that  the  best  chance  for  progress  in 
answering  these  questions  lies  in  advancing  our 
knowledge  of  the  mechanism  of  natural  precipi¬ 
tation. 
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THE  ISOLATION  FROM  SOIL  OF  FUNGI 
WHICH  CAUSE  DISEASE  IN  MAN* 

By  CHESTER  W.  EMMONSf 

The  hazards  presented  by  pathogenic  bacteria 
which  reach  the  soil,  and  the  ultimate  fate  of  such 
bacteria,  attracted  the  speculations  and  investi¬ 
gations  of  early  bacteriologists.  With  few  ex¬ 
ceptions,  however,  the  occurrence  in  soil  of  fungi 
which  cause  human  disease  has  received  relatively 
little  study  although  their  presence  in  soil  has 
sometimes  been  assumed.  On  the  few  occasions 
when  fungi  causing  human  disease  have  been 
actually  isolated  from  soil  or  plants,  the  significance 
of  these  observations  has  not  been  properly  related 
to  the  general  problem  of  sources  of  infection  in  the 
mycoses.  This  is  surprising  when  one  reflects 
that  the  systemic  mycoses  are  not  contagious,  that 
some  non-human  reservoir  of  infection  must  there¬ 
fore  be  sought,  and  that  there  is  direct  as  well  as 
circumstantial  evidence  that  pathogenic  fungi  exist 
in  a  free  state  in  man’s  environment.  The  idea 
that  pathogenic  fungi  are  present  in  soil  may  be 
implicit  in  some  of  the  concepts  of  medical  my¬ 
cology,  but  the  importance  of  the  soil  as  a  reservoir 
of  the  fungi  causing  systemic  mycoses  needs  to  be 
more  clearly  stated  and  emphasized. 

The  term  soil  is  used  in  a  broad  sense  to  include 
a  complex  mixture  of  organic  debris  such  as 
decaying  plant  material,  humus,  the  excreta  and 
keratinaceous  and  proteinaceous  remains  of  insects, 
birds  and  animals,  and  the  vast  and  varied  micro¬ 
flora  and  microfauna  of  soil.  The  growth  of  pure 
cultures  of  pathogenic  fungi  in  the  laboratory  on 
culture  media  prepared  from  plant  products  indi¬ 
cates  that  fungi  which  are  physiologically  adapted 
to  parasitisin  of  man  are  not  dependent  upon  a 
high  protein  medium  for  growth  under  these 
favorable  conditions.  Some  pathogens  can  un¬ 
doubtedly  grow  in  nature  without  an  unusual 
concentration  of  proteins  of  animal  origin. 
Gordon  and  Hagan‘S  isolated  pathogenic  actino- 
mycetes  apparently  identical  with  Nocardia  aster- 
oides  from  soil  by  utilizing  paraffin  as  a  selective 
medium. 

Furthermore,  it  is  easy  to  demonstrate  that  some 

*  This  Mper,  illustrated  with  lantern  slides,  was  presented  at  a 
meeting  oi  the  Section  on  October  26,  1951. 

t  Federal  Security  Agency,  Public  Health  Service,  National 
Institutes  of  Health,  National  Microbiological  Institute,  Bethesda, 
Md. 


pathogenic  fungi  will  grow  in  the  laboratory  on 
sterilized  soil  if  suitable  conditions  of  moisture  and 
temperature  are  met.  I  have  grown  Tricho¬ 
phyton  mentagrophytes,  Cryplococcus  neojormans, 
Blastomyces  dermatitidis,  Coccidioides  immitis,  His- 
toplasma  capstdatum,  Sporotrichum  schenckii,  Al- 
lescheria  boydii,  Phialophora  pedrosoi,  and  P. 
verrucosa  on  ordinary  unenriched  garden  soil,  steri¬ 
lized  in  the  autoclave  at  15  lbs.  pressure  for  20 
minutes,  and  incubated  at  30*0.  Further  studies 
will  be  required  to  determine  the  optimum  con¬ 
ditions  under  which  pathogens  are  able  to  compete 
with  saprophytes  successfully  in  soil  under  natural 
conditions.  It  may  well  be,  however,  that  the 
ejccreta  and  remains  of  animals,  insects  and  micro¬ 
scopic  organisms  supply  a  preferential  medium  in 
which  pathogens  are  able  to  meet  and  survive  the 
competition  of  more  rapidly  growing  saprophytic 
fungi. 

Evidence  for  a  free  saprophytic  existence  of 
pathogenic  fungi  includes  the  clinical  observations 
that  the  systemic  mycoses  are  neither  transmitted 
from  person  to  person  nor  ordinarily  acquired 
directly  from  an  animal  reservoir;  that  some  types 
of  mycoses  develop  after  penetrating  injuries;  and 
that  pulmonary  mycoses  may  follow  unusual  ex¬ 
posure  to  dust.  The  noncontagious  nature  of 
systemic  mycoses  hardly  needs  further  elaboration. 
Even  when  the  patient  is  excreting  the  organism 
in  large  numbers  in  sputum,  pus  or  feces,  and 
although  this  contaminated  excreta^  is  experi¬ 
mentally  infectious  for  animals,  it  is  not  effective 
in  transmitting  the  disease  through  ordinary  con¬ 
tacts.  Family  epidemics  are  almost  unknown  and, 
in  the  rare  instances  when  direct  transmission  is 
suspected,  there  may  have  been  a  common  ex~ 
posure,  some  unusually  close  exposure,  or  some 
accidental  surgical  or  laboratory  contact.  Ex¬ 
ceptions  occur  in  the  case  of  the  superficial 
dermatophytoses  which  are  acquired  directly  or 
indirectly  from  other  persons  or  from  animals,  and 
in  moniliasis  which  probably  is  transmitted 
commonly  from  mother  to  infant. 

Circumstantial  evidence  for  the  saprc^hytic 
existence  of  pathogens  of  man  is  strong  in  the  case 
of  the  mycetomas  because  of  the  many  cases  in 
which  lesions  develop  on  the  feet  of  agricultural 
laborers  working  barefoot  in  the  fields.  Many 
patients  give  a  history  of  a  puncture  wound  which 
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preceded  development  of  the  lesion.  Similar 
exposures  have  been  recognized  in  chromoblasto- 
mycosis.^  Sporotrichosis  has  been  associated  in 
specific  instances  with  presumptive  implantation 
of  spores  by  thorns  of  barberry  or  rose,  and  courts 
have  recognized  an  employment-connected  dis^ 
ability  and  awarded  compensation  for  costs  of 
medical  care.‘‘  A  remarkable  and  extensive  out¬ 
break  of  sporotrichosis  was  reported  in  workers  in 
gold  mines  in  South  Africa  and  it  was  shown  that 
the  infection  was  related  to  exposure  in  certain 
mines  and  in  some  instances  followed  trauma.* 

In  the  case  of  primary  respiratory  infections,  it 
has  been  observed  that  coccidioidomycosis  in 
endemic  areas  follows  known  exposure  to  dust 
storms  or  dust  raised  in  agricultural  occupations** 
and  an  occupational  exposure  in  many  cases  of 
pulmonary  aspergillosis  has  been  noted.** 

Several  of  the  mycoses  are  common  to  man  and 
animals.  Sporotrickum  schenckii  causes  sporotri¬ 
chosis  in  the  horse  and  dog.**  Aspergillosis  occurs 
frequently  in  birds.**  Coccidioides  causes  disease 
in  the  dog  and  rodents*  and  induces  a  limited 
infection  in  cattle  and  sheep.**  At  the  National 
Institutes  of  Health,  we  have  found  naturally 
acquired  histc^lasmosis,  proved  by  Isolation  of  the 
fungus,  in  the  house  mouse,  brown  rat,  roof  rat, 
spotted  skunk,**'  **  cat,  striped  skunk,  opossum, 
and  fox.*'  "*  Direct  transmission  from  animal  to 
man  occurs  rarely,  if  at  all,  in  systemic  mycoses, 
and  it  is  probable  that  animals  are  infected  from  the 
same  environmental  source  as  man.  One  may 
speculate,  from  a  knowledge  of  the  nature  of  the 
disease  in  these  animals  and  of  the  develppmental 
cycle  of  the  fungi,  that  there  probably  is  no  direct 
contagion  from  animal  to  animal,  but  rather  a 
contamination  of  soil  with  an  intervening  sapro¬ 
phytic  phase. 

The  immediate  reversion  of  a  pathogenic  fungus 
to  its  sapn^hytic  growth  phase,  when  it  passes 
fnxn  the  animal  body  to  an  artificial  culture 
medium,  is  a  most  familiar  and  predictable 
laboratory  phenomenon.  It  is  readily  shown  in 
the  laboratory  that  the  conidia  subsequently 
developed  are  more  resistant  to  deleterious  en¬ 
vironmental  influences  than  the  more  delicate  cells 
of  the  parasitic  phase.  Moreover,  they  may  be 
produced  in  enormous  numbers.  It  is  easy  to 
suppose,  therefore,  that  the  conidia  are  more 
efficient  elements  for  dissemination  of  the  fungus 
in  nature.  It  can  be  shown  e]q)erimentally  that 
they  are  infectious  for  the  animal  and,  indeed, 
because  df  their  greater  resistance,  they  may  be 


more  effective  infectious  agents  than  their  par¬ 
asitic  counterparts. 

More  direct  and  conclusive  evidence  of  the 
occurrence  of  pathogenic  fungi  in  soil  is  furnished 
by  their  actual  isolation  from  this  medfum. 
Without  doubt,  AspergiUus  fumigatus  has  been 
isolated  more  frequently  from  soil  than  any  other 
fungus  causing  disease  in  man.  It  has  long  been 
known  as  a  common  soil  fungus**  and  the  relative 
infrequency  of  pulmonary  aspergillosis  in  man  may 
be  due  to  immunological  factors,  since  it  can 
hardly  be  ascribed  to  lack  of  exposure.  Sporo- 
trichim  schenckii  was  isolated  from  plants  by 
Beurmann  and  Gougerot  in  1908.*  A  more  recent 
isolation  of  many  strains  from  the  timbers  and 
ground  waters  of  deep  shaft  gold  mines  in  South 
Africa*  has  already  been  mentioned.  I  have 
isolated  this  fungus  from  sphagnum  moss  associ¬ 
ated  with  cases  of  sporotrichosis  in  florists,'*  and 
from  two  samples  of  soil  collected  on  Virginia 
farms.*®'  **  Meyer**  suggested  that  Sporotrichum 
growing  in  soil  is  the  probable  source  of  infection 
in  human  and  animal  infections  and  Mackinnon" 
correlated  the  seasonal  occurrence  of  sporotrichosis 
with  climatic  conditions  which  he  believed  favored 
saprophytic  development  of  the  fungus. 

Although  isolation  from  soil  of  the  principal 
^>ecies  of  fungus  causing  chromoblastomycosis 
has  not  been  conclusively  proved,  Conant*  showed 
that  the  second  most  important  species,  Phiah- 
phora  verrucosa,  is  identical  with  Cadophora 
americana,  isolated  from  wood.  The  isolation  from 
soil  of  strains  of  Nocardia  asteroides^^  was  men¬ 
tioned  earlier.  One  wonders  how  often  pathogenic 
strains  of  this  and  other  actinomycetes  pass  un¬ 
recognized  and  are  discarded  in  the  vast  pro¬ 
grams  of  antibiotic  screening  now  being  con¬ 
ducted  throughout  the  world. 

The  epidemiologic  evidence  for  the  presence  of 
Coccidioides  immitis  in  soil  has  been  supported  by 
actual  isolation  in  three  independent  studies.**'  *'  * 
The  conditions  which  limit  the  endemicity  of  this 
rapidly  growing  and  non-fastidious  fungus  to 
desert  areas  of  North  and  South  America  and 
Mexico  have  not  been  determined.  The  frequent 
occurrence  of  pulmonary  coccidioidomycosis  in 
certain  species  of  desert-dwelling  rodents  suggested 
to  the  writer  that  these  animals  may  play  an 
essential  role  in  the  geographic  distribution  of 
the  fungus.* 

Although  the  present  discussion  is  concerned 
with  the  fungi  causing  systemic  disease  it  might 
be  noted  in  passing  that  dernlatophytes  have  been 
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I  isolated  from  debris  in  stables”  and  that  Micro- 
i  tforum  gypseum  has  been  isolated  from  soil  not 
[  obviously  contaminated  by  animals,  by  the  tech- 

1  nique  of  “baiting,”  in  which  strips  of  wool  cloth 

buried  in  soil  provide  a  selective  culture  medium 
!  for  wool-destroying  fungi.” 

P  Epidemiologic  observations  suggesting  that 
I  fungi  which  cause  human  disease  may  be  present 
y  in  soil  are,  therefore,  well  substantiated  by  the 
actual  isolation  of  pathogens  from  this  medium. 

The  presence  of  pathogenic  fungi  in  soil  has 
^  been  largely  overlooked  because  the  usual  methods 
of  determining  soil  flora  have  not  been  efficient 
in  isolating  them.  For  the  most  part,  the  patho¬ 
gens  grow  slowly  and  are  outnumbered,  as  well  as 
^  outgrown,  by  saprophytes,  so  that  the  chances  of 
isolating  them  directly,  by  dilution  methods,  are 
remote.  The  method  of  isolation  which  the  writer 
f  has  used  since  1941  apparently  had  not  previously 
been  used  and  described  in  any  systematic  attempt 
to  isolate  pathogens  from  soil.  It  depends  upon 
k  the  simple  principle  that,  when  a  suspension  of  soil 
containing  a  mixed  bacterial  and  fungal  flora  is 
introduced  into  the  peritoneal  cavity  of  the  guinea 
pig  or  white  mouse,  the  saprophytic  fungi  and 
bacteria  present,  with  few  exceptions,  are  de¬ 
stroyed  by  the  animal’s  defense  mechanisms  within 
a  matter  of  three  or  four  weeks,  while  pathogenic 
fungi  survive,  and,  in  some  cases,  are  able  to 
j  proliferate  in  the  tissues.  This  method  combines, 
in  one  operation,  a  screening  technique  by  which 
pathogens  can  be  isolated  from  most  saprophytes, 
and  a  test,  within  limits,  of  the  pathogenicity  of  an 
isolate.  The  procedure  has  been  described  in 
earlier  papers.*-  ”  Ajello  and  Zeidberg*  have 
recently  used  a  modification  in  which  they  mix  the 
soil  suspension  with  mucin  before  injection  of  the 
mouse.  This  results  in  greatly  increased  mortality 
of  the  experimental  animals  and  they  have,  there¬ 
fore,  administered  large  daily  doses  of  penicillin 
and  streptomycin  to  the  mice  after  injection  of  the 
soil.  They  believe  this  modification  is  more 
efficient  in  the  isolation  of  pathogens.  It  will  be 
shown  in  a  later  paragraph,  however,  that  the 
method,  without  recourse  to  mucin,  is  effective 
in  isolating  not  only  pathogens  but  also  certain 
types  of  saprophytes  which  appear  to  have  some 
potential  pathogenic  capacities.  It  is  not  neces¬ 
sary  to  the  effectiveness  of  the  method  that  the 
^res  actually  proliferate  within  the  animal  body. 

If  they  merely  survive,  they  can  be  recovered  by 
culture. 


of  Histoplasma  capsulatum^  and  Cryptococcus 
neoformans'^  from  soil.  Twenty-eight  additional 
isolations  of  Histoplasma  and  three  of  C.  neo- 
formans  have  been  made  since  those  reports. 

At  the  7th  International  Botanical  Congress, 
where  much  of  the  foregoing  material  was  pre¬ 
sented,”  other  isolations  of  fungi  from  soil  were 
reported  for  the  first  time.  One  of  these  was  a 
yeast-like  fungus  which  has  not  yet  been  identified. 
Its  isolation  from  107  animals  and  97  soil  samples 
has  been  recorded.  Its  virulence  for  animals  is 
low.  Studies  of  its  pathogenicity  have  not  been 
completed. 

The  isolation  of  AUescheria  boydii  from  a  soil 
sample  in  1948  was  also  reported  at  that  meeting.” 
This  was  the  first  time  this  fungus  had  been  re¬ 
ported  from  any  source  except  a  human  infection. 
Ajello  and  Zeidberg  have  recently  reported  the 
isolation  of  A.  boydii  from  soil'  and  the  writer  has 
made  a  second  recent  isdation  from  soil.” 

Some  of  the  saprophytic  fungi  isolated  from  soil 
by  this  method  are  of  considerable  interest  be¬ 
cause  they  are  capable  of  surviving  several  weeks 
in  the  peritoneal  cavity  of  the  mouse,  although 
they  do  not  produce  progressive  lesions.  Species 
of  Rhodotorula,  Beauveria  and  Isaria  fall  within 
this  category.  The  ability  of  Beauveria  and 
Isaria  to  survive  in  the  animal  body  may  be 
related  to  their  parasitism  of  insects.  One  species, 
B.  brumpti,  has  been  described  from  a  human 
lesion.  Aspergillus  clavatus,  in  our  studies,  was 
isolated  12  times  from  soil  and  has  been  isolated 
many  times  from  the  lungs  of  rats.  There  is  some 
indication  of  slight  pathogenicity  but  studies  have 
not  been  completed.  Notable  among  sapro¬ 
phytes  we  isolated  are  Microascus  trigonosporus, 
M.  irUermedius  and  Microascus  sp.,  which  have 
been  obtained  from  82  soil  samples  by  this  tech¬ 
nique.  These  fungi  have  long  been  known  to 
occur  in  soil  but  the  methods  used  have  resulted 
in  a  surprisingly  large  number  of  isolations. 

Summary.  Greater  attention  should  be  given 
to  the  occurrence  in  soil  of  fungi  causing  human 
disease.  Epidemiologic  evidence  suggesting  that 
the  soil  is  an  important  reservoir  of  such  fungi  is 
strengthened  by  actual  isolation  of  pathogens. 
Histoplasma  capsulatum,  Cryptococcus  neoformans, 
AUescheria  boydii,  Nocardia  asteroides,  AspergiUus 
fumigatus,  Sporotrickum  schenckii,  Coccidioides  im- 
mitis,  dermatophytes,  and  several  other  fungi 
showing  some  indication  of  potential  pathogenicity 
have  been  isolated  from  soil. 
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CONFERENCES  HELD 


SECTION  OF  BIOLOGY 
‘  INFLUENCE  OF  HORMONES  ON  ENZYMES” 
JUNE  5  AND  6,  1951 

The  Section  of  Biology  held  a  Conference  on 
“Induence  of  Hormones  on  Enzymes.”  Doctor 
Ralph  I.  Dorfman,  The  Worcester  Foundation  for 
Experimental  Biology,  Shrewsbury,  Mass,  and 
Doctor  E.  D.  Goldsmith,  New  York  University, 
College  of  Dentistry,  New  York,  N.  Y.  were  the 
Conference  Chairmen  in  charge  of  the  meeting. 

The  program  consisted  of  the  following  papers: 

Tuesday,  June  5 

Morning  Session.  “Influence  of  Hormones  on 
Tissue  Enzyme  Concentrations.”  Chairman, 
Gregory  Pincus,  The  Worcester  Foundation  for 
Experimental  Biology,  Shrewsbury,  Mass. 

“Recent  Studies  on  the  In  Vivo  and  In  Vitro 
Effect  of  Hormones  on  Enzymes,”  C.  D. 
Kochakian,  Oklahoma  Medical  Research  Institute 
and  Hospital,  Oklahoma  City,  Okla. 

“/J-Glucuronidase  and  the  Action  of  Steroid 
Hormones,”  W.  H.  Fishman,  Tufts  College 
Medical  School,  Cancer  Research  and  Control 
Unit,  Boston,  Mass. 

“The  Steroidal  Hormones  and  Tissue  Glu¬ 
curonidase  and  Esterase,”  S.  L.  Cohen,  Uni¬ 
versity  of  Minnesota,  Minneapolis,  Minn. 

“The  Influence  of  Adrenalectomy,  and  Cortisone 
Treatment  on  Enzymatic  Reactions  in  Rat  ’ 
Tissues,”  W.  W.  Umbreit,  Merck  Institute  for 
Therapeutic  Research,  Rahway,  N.  J. 

Afternoon  Session.  "In  Vitro  Effects  of  Hor¬ 
mone-Enzyme  Rates.”  Chairman,  W.  C.  Stadie, 
University  of  Pennsylvania,  Philadelphia,  Pa. 

“Influence  of  Steroids  on  Cerebral  Metabolism,” 
G.  S.  Gordan,  R.  C.  Bentinck,  and  E.  Eisenberg, 
University  of  California  Hospital,  San  Francisco, 
Calif. 

“Influence  of  Steroids  on  the  d- Amino  Acid 
Oxidase  System,”  M.  Hayano  and  R.  I.  Dorfman, 
The  Worcester  Foundation  for  Experimental 
Biology,  Shrewsbury,  Mass. 

“Influence  of  Hormones  on  Enzymatic 
Activity,”  H.  Jensen,  Medical  Department,  Field 
Research  Laboratory,  Fort  Knox,  Ky. 

“Effects  of  Steroids  and  Diethylstilbestrol  on 
Dehydrogenase  Systems,”  R.  M.  Hochster  and 


J.  H.  Quastel,  Research  Institute,  The  Montreal 
General  Hospital,  Montreal,  Canada. 

“Metabolic  Effects  of  Thyroxine  In  Vitro," 
H.  A.  Lardy  and  Gladys  Feldott,  University  of 
Wisconsin,  Madison,  Wis. 

Wednesday,  June  6 

Morning  Session.  “In  Vitro  Effects  of  Hor¬ 
mones — Carbohydrates  and  Fat  Metabolism,” 
Chairman,  Abraham  White,  Chemical  Specialties 
Company,  Inc.,  New  York,  N.  Y. 

“The  Effect  of  Insulin  and  Pituitary  Hormones 
on  Glucose  Uptake  in  Muscle,”  M.  E.  Krahl  and 
C.  F.  Cori,  Washington  University,  St.  Louis,  Mo. 

“The  Combination  of  Insulin  with  Tissue,” 
W.  C.  Stadie,  University  of  Pennsylvania,  Phila¬ 
delphia,  Pa. 

“Influence  of  Hormones  on  the  Diqx>sition  of 
Glucose  in  the  Mammal,”  E.  M.  MacKay,  The 
Scripps  Metabolic  Clinic,  La  Jolla,  Calif. 

,  “Effects  of  Epinephrine  and  Hyperglycemic 
Factor  on  Enzyme  Systems  in  Liver,”  E.  Suther¬ 
land,  Washington  University,  St.  Louis,  Mo. 

“The  Effects  of  Cortisone  and  Growth  Hormone 
on  Ketogenesis  by  Surviving  Liver  Slices,”  J. 
Tepperman,  State  University  of  New  York 
Medical  Center,  Syracuse,  N.  Y. 

"CURARE  AND  ANTI-CURARE  AGENTS" 
JUNE  21  AND  22,  1951 

The  Section  of  Biology  held  a  Conference  on 
“Curare  and  .\nti-Curare  Agents.”  Doctor  John 
A.  Aeschlimann,  Hoffman-La  Roche,  Inc.,  Nutley, 
N.  J.,  was  the  Conference  Chairman  in  charge  of 
the  meeting.^ 

The  program  consisted  of  the  following  papers: 

Thursday,  June  21 

Morning  Session.  Chairman,  Klaus  Unna, 
University  of  Illinois  College  of  Medicine,  Chicago, 
lU. 

“Recent  Advances  in  the  Pharmacology  of 
Curare,”  A.  R.  McIntyre,  University  of  Nebraska, 
College  of  Medicine,  Omaha,  Neb. 

“The  Pharmacology  of  Calabash  Curare,” 
David  F.  Marsh,  West  Virginia  University,  School 
of  Medicine,  Morgantown,  W.  Va. 

Discussion  of  Dr.  Marsh’s  paper  led  by  W.  D. 
M.  Paton,  London,  England. 


TRANSACTIONS 


r 


7 


S6 

“The  Isolation  and  Identification  of  Additional 
Physiologically  Active  Alkaloids  in  Extracts  of 
Chondedendron  Tomenlosum  Ruiz  and  Pavon,” 
James  D.  Dutcher,  Squibb  Institute  for  Medical 
Research,  New  Brunswick,  N.  J. 

“Curarization  of  Denervated  Muscle,”  Leonard 
W.  Jarcho,  Barnett  Berman,  Carlos  Eyzaguirre, 
and  Joseph  L.  Lilienthal,  The  Johns  Hopkins 
University  and  Hospital,  Baltimore,  Md. 

Afternoon  Session.  Chairman,  Klaus  Unna. 

“The  Pharmacology  of  D'ecamethonium”  W.  D. 
M.  Paton,  Medical  Research  Council,  National 
Institute  for  Medical  Research,  London,  England. 

“Synthetic  Drugs  Influencing  Neuromuscular 
Activity,”  Edwin  J.  de  Beer,  Julio  C.  Castillo, 
Arthur  P.  Phillips,  Rocco  FaneUi,  A.  Lloyd 
Wnuck,  and  Stata  Norton,  The  Wellcome  Re¬ 
search  Laboratories,  Tuckahoe,  N.  Y. 

“Pharmacology  of  Flaxedil,”  Walter  F.  Riker 
and  W.  C.  Wescoe,  Cornell  University  Medical 
College,  New  York,  N.  Y. 

“A  New  Series  of  Synthetic  Curare-Like 
Compounds,”  James  O.  Hoppe,  Sterling-Winthrop 
Research  Institute,  Rensselaer,  N.  Y. 

Friday,  June  22 

Morning  Session.  Chairman,  Klaus  Unna. 

“Some  Aspects  of  the  Relationship  Between 
Chemical  Constitution  and  Curare-Like  Activity,” 
Daiiiel  Bovet,  Istituto  Superiore  Di  Sanita,  Rome, 
Italy. 

“Pharmacology  of  Anti-Cur^re  Agents,”  W.  C. 
Wescoe  and  Walter  F.  Riker,  Cornell  University 
Medical  College,  New  York,  N.  Y.  ' 

“Synthetic  Curare-Like  Compounds  and  Their 
Antagonists,”  L.  O.  Randall,  Hoffman-La  Roche, 
Inc.,  Nutley,  N.  J. 

“Evaluation  of  Curarizing  Drugs  in  Man. 
VI.  Critique  of  Experiments  on  Unanesthetized 
Subjects,”  Klaus  Unna  and  Edward  W.  Pelikan, 
University  of  Illinois  College  of  Medicine,  Chicago, 
Ill. 

Afternoon  Session.  Chairman,  Klaus  Unna. 

“The  Evolution  of  the  Use  of  Curare  in  An¬ 
esthesiology,”  Harold  R.  Griffith,  McGill  Uni¬ 
versity,  Montreal,  Canada. 

“Clinical  Use  of  d-Tubocurarine,”  Arthur  D. 
Console,  Medical  Division,  E.  R.  Squibb  and 
Sons,  New  York,  N.  Y. 

“The  Use  of  WIN  2747  in  Anesthesiology,” 
Francis  F.  Foldes,  Mercy  Hospital  and  The 


University  of  Pittsburgh  School  of  Medicine, 
Pittsburgh,  Pa.  i 

“Clinical  Evaluation  of  d-Tubocurarine  and  ^ 
Tri-(diethylaminoethoxy)-J ,  2,  3-Benzene 

(Flaxedil)  and  a  series  of  Tri-methyl-phenyl 
Ammonium  Compounds  in  Anesthetized  Man,” 
Joseph  F.  Artusio,  Cornell  University  Medical 
College  and  The  New  York  Hospital,  New  York, 

N.  Y.  ) 

“WORLD  POPULATION  PROBLEMS  AND 
BIRTH  CONTROL” 

OCTOBER  19  AND  20,  1951 
The  Section  of  Biology  held  a  Conference  on 
“World  Population  Problems  and  Birth  Control.” 
Doctor  Carl  G.  Hartman,  Ortho  Research  Founda-  ^ 
tion,  Raritan,  N.  J.  was  the  Conference  Chairman 
in  charge  of  the  meeting. 

The  program  consisted  of  the  following  papers: 


Friday,  October  19 


Morning  Session.  “Population  Control  as  a 
World  Wide  Problem.”  Chairman,  Frank  W. 
Notestein,  Princeton  University,  Princeton,  N.  J. 

“Population  as  a  World  Problem,”  Warren 
Thompson,  Director,  Scripps  Institute  of  Pecu¬ 
lation  Research,  Miami  University,  Oxford,  Ohio. 

“The  Effect  of  Public  Health  Development  upon 
Population  Growth,”  Harold  Dorn,  National 
Institutes  of  Health,  Washington,  D.  C. 

“Social  and  Biological  Factors  in  Human 
Fertility,”  Robert  Cook,  Editor  of  Heredity, 
Washington,  D.  C. 

Afternoon  Session.  “Cultures,  Mores,  and  Birth 
Control.”  Chairman,  Halbert  Dunn,  Chief, 
National  Office  of  Vital  Statistics,  National 
Institutes  of  Health,  Washington,  D.  C. 

“Control  of  Conception  in  Cross-Cultural 
Perspective,”  Clellan  Ford,  Yale  University, 
New  Haven,  Conn. 

“Present-Day  International  Trends  in  Family 
Planning,”  Abraham  Stone,  Director,  Margaret 
Sanger  Research  Bureau,  New  York,  N.  Y. 

“Medical  and  Medico-Social  Indications  for 
Contraception,”  Alan  F.  Guttmacher,  Sinai 
Hospital  and  Johns  Hopkins  School  of  Medicine, 
Baltimore,  Md. 
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Saturday,  October  20  i 

Morning  Session.  “Standards  and  Clinical  * 
Indications  for  Contraception.”  Chairman, 
Clarence  J.  Gamble,  Milton,  Mass. 
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“Biochemistry  of  the  Female  Genital  Tract,” 
W.  T.  Pommerenke  and  Mrs.  M.  A.  Breckenridge, 
Rochester  University  School  of  Medicine  and 
Dentistry,  Rochester,  N.  Y. 

“Biochemistry  of  the  Male  Genital  Tract,” 
John  MacLeod,  Cornell  University  School  of 
Medicine,  New  York,  N.  Y. 

“A  Critical  St-udy  of  Methods  of  Measuring 
Spermicidal  Action,”  N.  Millman,  Ortho  Research 
Foundation,  Raritan,  N.  J. 

Afternoon  Session.  “Standards  and  Clinical 
Indications  lor  Contraception”  (continued). 
Chairman,  Carl  G.  Hartman. 

“Simplified  Birth  Control  Technique,”  (a) 
G.  Wilson  Hunter,  Fargo  Clinic,  Fargo,  N.  D. 


and  (b)  William  B.  Stromme,  Minneapolis, 
Minn. 

“Recent  Trends  in  the  Study  of  Infertility,” 

(a)  “Ovaries  and  Fallopian  Tubes — with 
Some  Clinical  Considerations  of  the  Male,” 
M.  Edward  Davis,  Chicago  Lying-In  Hos¬ 
pital,  University  of  Chicago,  Chicago,  Ill. 

(b)  “Cervix  and  Uterus — Emotional  Aspects 
of  Infertility,”  Charles  McLane,  New  York 
Hospital  and  Cornell  University  School  of 
Medicine,  New  York,  N.  Y. 

The  Section  of  Biology  provides  conferences  for 
active  workers  in  the  special  fields  of  Biology. 

Attendance  is  limited  to  those  invited  to 
participate  in  these  conferences  and  to  interested 
Members  of  the  Academy. 


EDITORS  NOTE 


Dr.  D.  B.  Steinman,  Life  Member  of  the 
Academy,  was  awarded  the  Norman  Medal  by  the 
American  Society  of  Civil  Engineers  on  October 
24,  1951  for  his  paper  entitled  “Aerodynamic 
Theory  of  Bridge  Oscillations.”  In  awarding  the 


medal,  Waldo  G.  Bowman,  chairman  of  the 
Society’s  committee  on  publications,  said  that  the 
great  merit  of  Dr.  Steinman’s  paper  lay  in  the 
fact  that  he  had  adapted  proved  aeronautical 
methods  to  the  problem  of  bridge  oscillation. 


NEW  MEMBERS 


A.  Elected  June  15, 1950 

SUSTAINING  MEMBERSHIP 

Andrews,  George  Clinton,  M.D.,  Mycology.  Professor 
of  Clinical  Dermatology,  Columbia  University,  New 
York,  N.  Y. 

Becart,  August,  M.D.,  Blood.  Secretary,  Paris  Acad¬ 
emy  of  Medicine,  Paris,  France. 

Bing^m,  D.  L.  C.,  F.R.C.S.,  F.A.C.S.,  Surgery. 
Professor  of  Surgery,  Queen’s  University,  Kingston, 
Ontario,  Canada. 

De  Blasio,  Mary,  M.S.,  Virology.  Professional  As¬ 
sistant  in  Virology,  E.  R.  Squibb  &  Sons,  New 
Bnmswick,  N.  J. 

Fangemann,  M.  Gerard,  M.E.,  Engineering  Develop¬ 
ment.  Manager,  Spring  Division,  John  Chatillon  & 
Sons,  New  York,  N.  Y. 

Glynn,  John  Gabriel,  M.D.,  Psychology,  Biology. 
Physician,  Brooklyn,  N.  Y. 

Grageroff,  I.,  Ph.D.,  Chemistry,  Explosives.  Chief 
Chemist,  Liberty  Powder  Co.,  Waliash  River  Divi¬ 
sion,  Ind. 

Jacobs,  Albert  Lionel,  B.S.,  F.A.I.C.,  Pharmaceutical 
Chemistry.  Patent  Attorney,  New  York,  N.  Y. 

Kessler,  Sydney  M.,  D.V.M.,*  Veterinary  Medicine. 
Brooklyn,  N.  Y. 

Mack,  Jr.,  Edward,  Ph.D.,  Physical  Chemistry. 


Chairman,  Dept,  of  Chemistry,  Ohio  State  Univer¬ 
sity,  Columbus,  Ohio.  , 

Mann,  Jr.,  Charles  H.,  B.A.,  M.D.,  Biology.  Medical 
Director,  Heyden  Chemical  Corp.,  New  York,  N.  Y. 

Miller,  GrorM,  Ph.C.,  Pharmacological,  Chemical. 
President,  Strong  Cobb  &  Co.,  Cleveland,  Ohio. 

Mufson,  Isidor,  M.D.,  Peripheral  Circulation.  As¬ 
sociate,  Dept,  of  Medicine,  Columbia  University, 
New  York,  N.  Y. 

Parker,  Milton  E.,  B.S.,  Food  Engineering.  Director 
&  Professor,  Food  Engineering,  Illinois  Institute  of 
Technology,  Chicago,  Ill. 

Provasoli,  Luim,  Ph.D.,  Nutrition,  Physiology  of 
Protozoa.  Chairman,  Dept,  of  Biology,  St.  Francis 
ColleK,  Brooklyn,  N.  Y. 

Richardson,  George  D.,  Biology,  Histology.  Director 
of  Graphic  Arts  Div.,  Ortho  Research  Foundation, 
Raritan,  N.  J. 

Spinola,  Maurice  W.,  Metallurgy.  Consultant,  New 
.York,  N.  Y. 

Trayford,  Arthur,  D.V.M. ,  Veterinary  Medicine. 
Huntington,  N.  Y. 

Walborsky,  Harry  M.,  Ph.D.,  Organic  Chemistry. 
Asst.  Ftofessor,  Florida  State  University,  Tallahas¬ 
see,  Fla. 

Willett,  Wendell  M.,  M.D.,  Medicine,  Dermatology. 
Assoc.,  Dermatology,  The  George  Washington 
University,  Washington,  D.  C. 
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Winn,  Thomas  J.,  B.S.,  Medicine,  Chemistry.  Man¬ 
ager,  Antibiotic  Division,  Charles  Pfizer  &  Co., 
Brooklyn,  N.  Y. 

ACTIVE  MEMBERSHIP 

Bain,  .\lexander  Francis,  D.V.M.,  Bacteriology.  Pro¬ 
fessor  &  Head,  Dept,  of  Preventive  Medicine, 
Ontario  Veterinary  Collet,  Guelph,  Canada. 

Baker,  Edward  George,  B.S:.,  Electrical  Conductivity 
of  Aqueous  Solutions.  Graduate  Student,  Brown 
University,  Providence,  R.  I. 

Bandemer,  Selma  L.,  Ph.D.,  Physics,  Chemistry. 
Assoc.  Professor  Research,  Michigan  State  College, 
East  Lansing,  Mich. 

Baum,  S.  James,  M.D.,  Medicine.  Senior  Resident, 
Mt.  Sinai  Hospital,  New  York,  N.  Y. 

Beardsley,  Robert  E.,  B.S.,  Microbiology.  Student, 
Columbia  University  Dept,  of  Zoology,  New  York, 
N.  Y. 

Beathea,  Rachel  F.,  B.A.,  Biology.  Instructor  in 
Research,  Dept,  of  Bacteriology,  Michigan  State 
ColleM,  Mich. 

Bensted,  John  P.  M.,  Biology.  Medical  Fellow,  Dept, 
of  Pathology,  University  of  Minnesota,  Minneapolis, 
Minn. 

Blevins,  Anne,  Microbiology.  Chief  Technician,  Dept, 
of  Microbiology,  N.  Y.  University,  Bellevue  Medical 
Center,  New  York,  N.  Y. 

Bloom,  Walter  Lyon,  M.D.,  Medicine.  Asst.  Pro¬ 
fessor,  Biochemistry,  Emory  University,  Ga. 

Bovell,  Carlton  R.,  B.A.,  Microbiology.  Instructor, 
Dept,  of  Biolo|^,  Brooklyn  College,  Brooklyn,  N.  Y. 

Bowie,  Walter  C.,  D.V.M.,  Veterinary  Physiology. 
Head,  Dept,  of  Physiology,  Tuskegee  Institute, 
Ala. 

Brayer,  Franklin  T.,  M.D.,  Cancer  Research.  Fellow 
in  Dept,  of  Experimental  Medicine,  M.D.  •  Ander¬ 
son  Hospital,  Houston,  Tex. 

Brunell,  Philip  Alfred,  B.S.,  Biology.  Graduate  Stu¬ 
dent,  New  York  University,  New  York,  N.  Y. 

Brunings,  Karl  J.,  Ph.D.,  Organic  Chemistry,  Bio¬ 
chemistry.  Ass’t.  Director  of  Chemical  Research, 
Chas.  Pfizer  &  Co.,  Brooklyn,  N.  Y. 

Campbell,  Dan  H.,  Ph.D.,  Immunochemistry.  Pro¬ 
fessor  of  Immunochemistry,  California  Institute  of 
Technology,  Pasadena,  CaUf. 

Carroll,  Grayson,  M.D.,  Pathology.  Professor  of 
Urology,  St.  Louis  University,  St.  Lxiuis,  Mo. 

Castaneda,  M.  Ruiz,  M.D.,  Bacteriology.  Director  of 
^pt.  of  Medical  Research,  Ho^iital  General, 
Mexico,  D.  F. 

Chansky,  Daniel,  M.D.,  Psychology.  Health  Physi¬ 
cian,  Memorial  Hospital,  New  York,  N.  Y. 

Chu,  George  W.T.C.,  D.Sc.,  Public  Health,  Bacteriol¬ 
ogy.  Professor,  I)ept.  of  Bacteriology,  University 
of  Hawaii,  Honolulu,  Territory  of  Hawaii. 

Cohen,  Irvin  J.,  Medicine.  Veterans  Administration 
Hospital,  New  York,  N.  Y. 

Coman,  Itele  Rex,  M.D.,  Cancer,  Pathology.  Pro¬ 
fessor  of  Experimental  Pathology,  University  of 
Pennsylvania,  Philadelphia,  Pa. 

Crosby,  Edwin  L.,  M.D.,  Ho^)ital  Administration. 
Director,  The  Johns  Hopkins  Hospital,  Baltimore, 
Md. 

Cummings,  Martin  Marc,  M.D.,  Bacteriology.  Chief, 
Tuberculosis  Research  Laboratory,  Lawson  V.  A. 
Hospital,  Chamblee,  Ga. 

Curtis,  Arthur  Covel,  M.D.,  Dermatology.  Professor, 
Dept,  of  Dermatology,  Univeruty  of  Michigan,  Ann 
Arbor,  Mich. 


Daniels,  Troy  C.,  Ph.D.,  Pharmaceutical  Chemistiy. 
Dean,  University  of  California,  College  of  Pharmacy, 
San  Francisco,  Calif. 

De  Grandpre,  Romeo,  Ph.D.,  Cardiovascular  Disease. 
Researen  Associate,  University  of  Vermont,  Bur¬ 
lington,  Vt. 

De  La  BalK,  Felipe  A.,  M.D.,  Metabolism.  Professor 
of  Medicine,  University  of  Buenos  Aires,  Buenos 
Aires,  Argentina. 

Drent,  John  Henry,  M.D.,  Pediatrics.  Instructor, 
Dept,  of  Pathology,  Tukme  University,  New  Or¬ 
leans,  La. 

Duffy,  Jr.,  B.  J.,  Radiobiology.  Instructor  in  Medi¬ 
cine,  Radiology  Association,  Atomic  Energy  Project, 
University  of  Rochester,  Rochester,  N.  Y. 

Elias,  N.  M.,  B.S.,  Chemical  Engineering.  Consul¬ 
tant,  New  York,  N.  Y. 

Emele,  Jane  Frances,  B.S.,  M.S.,  Pharmacology. 
Graduate  Student,  Dept,  of  Pharmacology,  Yale 
University,  New  Haven,  Conn. 

Fall,  Harry  H.,  Ph.D.,  Chemistry.  Research  Chemist, 
The  Upjohn  Co.,  Kalamazoo,  Mich. 

Favour,  Cutting  B.,  M.D.,  Tuberculosis  &  Infectious 
Diseases.  Assoc,  in  Medicine,  Peter  Bent  Brigham 
Hospital,  Boston,  Mass. 

Feirer,  William  A.,  M.D.,  Bacteriology.  Vice-Pres., 
Scientific  Affairs,  E.  R.  Squibb  &  Sons,  New  York, 
N.  Y. 

Feitelberg,  Sergei,  M.D.,  Biophysics.  Physicist,  Mt. 
Sinai  Hospital,  New  York,  N.  Y. 

Finkel,  Lucy,  B.S.,  Medicine.  Medical  Librarian, 

.  The  Hahnemann  Med.  College,  Philadelphia,  Pa. 

Fisher,  John  C.,  D.SC.,  Physics,  Metallurgy.  Head, 
Physical  Metallurgy  Division,  General  El^tric  Re¬ 
search  Laboratory,  Schenectady,  N.  Y. 

Fon^,  Howard,  Pharmaceutical  Products.  Senior 
Vice-Pres.,  Burroughs  Wellcome  &  Co.,  Tuckahoe, 
N.  Y. 

Foshay,  Lee,  M.D.,  Infectious  Diseases,  Physiology. 
Professor  of  Bacteriology,  University  ‘  of  Cinm- 
nati,  Cincinnati,  Ohio. 

Francis,  David  W.,  M.S.,  Poultry  Diseases.  Research 
Assistant,  University  of  Delaware,  Georgetown, 
Del. 

Fresolone,  Joseph  Philip,  B.S.,  Biology,  Psychology. 
Newaik,  N.  J. 

Frick,  Edwin  Jacobs,  D.V.M.,  Veterinary  Medicine. 
Director  of  Clinics,  Head,  Dept,  of  Surgery'  &  Medi¬ 
cine,  Kansas  State  Collen,  Manhattan,  Kans. 

Gardner,  Elizabeth  Bradou^,  Ph.D.,  Physiology. 
Asst.  Professor  of  Biology,  Boston  University,  Bos¬ 
ton,  Mass. 

Gershenfeld,  Louis,  D.Sc.,  Bacteriology.  Head,  Dept, 
of  Bacteriology,  Philadelphia  College,  Pharmacy  & 
Science,  Philadelphia,  Pa. 

Gezon,  Horace  Martin,  M.D.,  Pediatrics,  Bacteriology. 
Asst.  Professor  of  Pediatrics,  University  of  Chicago, 
Chicago,  III. 

Gibbs,  Robert  John,  M.S.,  Protein  Chemistry.  Dept, 
of  Chemistry,  Fordham  University,  New  York,  N.  Y. 

Grace,  Edwin  J.,  M.D.,  Medicine.  Director,  Grace 
Clinic,  Brooklyn,  N.  Y. 

Grenfell,  Thomas  C.,  B.S.,  Pharmacy,  Antibiotics. 
Asst.  Director  of  Analytical  Dept.,  Chas.  Pfizer  ft 
Co.,  Brooklyn,  N.  Y. 

Guruswami,  M.  N.,  B.A.,  Pharmacology.  Dept,  of 
Pharmacology,  University  of  Michigan,  Ann  Arbor, 
Mich. 

Hardy,  Jr.,  Robert  A.,  Ph.D.,  Organic  Chemistry. 
Research  Chemist,  Calco  Chemical  Division,  Ameri¬ 
can  Cyanamid  Co.,  Bound  Brook,  N.  J. 
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Hartlinf,  Haldan  Keflfer,  M.D.,  Ph>-^oIogj’.  Profes- 
jor  of  Biophysics,  Johns  Hopkins  University,  Balti¬ 
more,  Med. 

<  Hausmann,  Erich,  D.Sc.,  Electrical  Engineering, 

•  Phpics.  Head,  Dept,  of  Physics,  Brooklyn  Poly¬ 

technic  Institute,  Brooklyn,  N.  Y. 
r  Hedger,  F.  Howard.  M.Sc.  Chemistry.  Director  of 

I  .\nalytical  [.Alioratories,  Chas.  Pfizer  &  Co.,  Brook¬ 

lyn.  N.  Y. 

,  Heller.  John  Herlrert.  M.D.,  Meclical  Physics.  Chair- 

I  man.  .Medical  Physics  Study  Unit,  ^'ale  University, 
Xevv  Haven,  Conn. 

Hendricks,  Franklin  D.,  M.D.,  .Antiliiotics.  Medical 
I  Otiiccr,  Food  &  Drug  Administration.  Washington, 

I).  C. 

Hiichstcr,  Rolf  M..  Ph.D.,  Enzymology.  Research 
l-'ellow  &  Associate  Biochemist,  Montreal  General 
H(>s))ital,  Montreal,  Canada. 

Holden,  Margaret,  Ph.D.,  Bacteriology,  .\ssociate, 
Bacteriology',  Columbia  University,  .New  ^■nrk,  N.  Y. 
Home.  Stephen  Francis,  M.D..  Dermatology.  Syphilol- 
ogy.  Private  Practice,  Rocky  .Mount,  N.  C. 

Howard,  Frank  B.S.,  L.L.B..  Physics,  Chemistry'. 
I’atent  l.awyer  &  Research  Consultant,  New  York, 
X. 

Huddleson,  I.  Forest.  I).V..M..  Ph.D.,  Bacteriology, 
Biochemistry.  Research  Professor  in  Bacteriology', 
Michigan  Slate  College,  ICa.st  l.ansing,  Mich. 

I  Hueltner,  Kol)ert  I)..  .M.I).,  Peripheral  Vascular  Dis¬ 
eases.  Research  Fellow.  .Me<licine,  New  York  Hos])!- 
lal.  New  V’ork,  N. 

!  Hutchens,  John  C.,  Ph.D..  General  Physiology'-  .\ssoc. 

Professor,  Dept,  of  Physiology,  University  of  Chi¬ 
cago.  Chicago,  III. 

Irwin,  John  S.,  B.S..  .Nuclear  Energy.  Consulting  En¬ 
gineer,  Yonkers,  N. 

Hudson,  Imogene  Mcnire,  Ph.D.,  Ztmlogy,  Medicine. 
Medical  Writer.  E.  R.  S<|uil>b  &  Sons.  New  York, 

,  X. 

Jaffe,  Bernard,  .M.Sc.,  Biochemistry.  Senior  Biochem- 
I  isl,  Philadelphia  General  Hospital,  Philadelphia, 
l>a. 

Ja<|ue8,  William  Everett,  M.D.,  Pathologic  .\natomy. 
.\ssistant  Pathologist,  Children’s  .Medical  Center, 
Boston,  .Mass. 

!  Kabara,  Jon  J..  .Medical  Research.  Research  .Assis¬ 
tant,  University  of  .Minnti.  Coral  Gables,  Fla. 

E  Kagan,  B.  .M..  .Vi.D.,  Perliatric  Research.  Chairman. 
Dept,  of  Pediatrics.  .Michael  Reese  Hospital,  Chi¬ 
cago.  III. 

Kajrli.  I^islo,  .M.D..  Perliatrics.  .Asst.  Profes.sor  of 
I’ediatrics,  Johns  Hopkins  University,  Medical 
School,  Baltimore.  .Md. 

Katz,  Irmelle,  Ph.D..  Mycology.  Research.  Waller- 
i  stein  l.al>oratories.  New  York,  N.  Y. 

Kauffeld,  Theorlore  J.,  .M.E.,  Mechanics.  Electrical  & 
Civil  Engineering.  Consulting  Engineer,  President, 
Devenco  Inc.,  New  York,  N.  Y. 

Kerr,  Ralph  W.,  Ph.D.,  CarlM)hydrales.  ICnzymes. 
Senior  Chemist,  Research  Dept.,  Com  PriNlucts 
'  Refining  Co.,  Argo,  III. 

j  Kinney,  James  R..  D.V.M.  Director  &  Chief  Vet- 
!  erinary,  N.  Y.  Women’s  l.«ague  for  Animals,  New 
York,N.  Y. 

Kline,  Irene  T.,  Ph.D.,  En<locrinology.  Research 
.Assistant,  \’ale  University.  New  Haven.  Conn. 
KInnymus,  Rachel  H., .  B.A.,  Zoology,  Medicine. 
Graduate  .Assistant,  Dept,  of  2^>logy,  Syracuse 
^  L'niversity,  Syracuse,  N. 

Kramer,  Mort,  D.V..M.,  .Animal  Physiology.  Director 
of  .Animal  Physiology',  Institute  of  .Applierl  Biology’, 
Brooklyn,  N.  Y. 
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Kwong,  Tin-Yu,  M.D.,  Medical  Science.  Resident 
Physician,  Hollywood  Presbyterian  Hospital,  Holly¬ 
wood,  Calif. 

Kun,  Ernest,  M.D.,  Enzymology.  Asst.  Professor  of 
Medicine,  Tulane  University,  New  Orleans,  La. 

I-ardy,  Henry  .A.,  Ph.0.,  Enzymes,  Metabolism. 
Professor  of  Biochemistry,  University  of  Wisconsin, 
Madison,  Wis. 

Leloir,  Luis  F.,  M.D.,  Biochemistry.  Director  of 
Inst,  de  Biochemistry.  Buenos  Aires,  .Argentina. 

I-epper,  Mark,  Exiierimental  Medicine.  .Asst.  Profes¬ 
sor  of  Preventive  Medicine,  University  of  Illinois, 
Chicago,  III. 

l.«win.  Cynthia,  M..A.,  Psychology’.  Research  Con¬ 
sultant,  New  York.  N.  Y. 

Ling,  .Alfrerl  Soy  Chou,  M.Sc.,  Physiology.  Graduate 
Student,  University  of  Illinois,  Urlana,  III. 

Lyon.  Braden  M.,  D.V.M. ,  Biology.  .Administrative 
Director,  l,ederle  LalM.,  Division,  .American  Cyana- 
mid  ('<)..  Pearl  River,  N.  Y. 

Macdonald.  F'rances,  B.S.,  Biology.  Biomelrician. 
New  York  Hospital,  New  V'ork,  N.  A’. 

Macdonald.  Maty.  B.A.,  Biology.  Bionu-trician, 
Memorial  Hr>spital,  New  York.  N.  Y. 

Mann,  James,  M.D.,  Psychiatry.  Director,  Briggs 
.Clinic,  Boston  State  Hospital,  Boston,  Mass. 

Masoro,  ICdward  Joseph,  Ph.D.,  Physiology.  .Asst. 
Professor  of  Physiology,  Queens  University,  Kings¬ 
ton,  Ontario,  ('anada. 

Meglitsch.  Paul  .A.,  Ph.D.,  Protozoology,  Zoology. 
.Assoc.  Professor  of  Biology,  Drake  University,  I^s 
Moines,  Iowa. 

Meyers,  l^wis  S.,  B.Ch.,  Chemical  Engineering. 
Chemical  Engineer,  Plant  Manager,  C.  J.  Osimrn 
Co.,  Linden.  N.  J. 

Nakamura,  Kazuko,  M.S.,  Pharmacology,  .Anthro- 
Mlog^.  Research  .Associate,  Cedars  of  l,el>anon 
Hospital,  Ix>8  .Angeles.  Calif. 

Nathanson,  Sidney,  D.V.M.,  Biology,  Medicine. 
Veterinarian  in  Private  Practice,  Hollis.  N.  A'. 

Pavne.  Howard  Marshall.  M.D..  .Anti-.Microbial 
brugs.  Professor  in  Medicine,  Howard  University, 
AA'ashington,  D.  C. 

Perlslein,  Dorothy,  B..A..  Biology.  Medical  Tech¬ 
nician,  Certified  Blood  Donor  Service,  Jamaica, 
N.  Y. 

l*ierce.  Cynthia  H.,  Ph.D..  Bacteriolc^-.  .Assistant, 
IX-pt.  of  Pathology,  RiK'kefeller  Institute  for  Medi¬ 
cal  Research,  New  A'ork,  N.  A'. 

Portella.  Oswaklo  Balthazar.  .M.D.,  Medicine.  AA’orld 
Health  Organization.  AVashington,  D.  C. 

Preston.  Edward  C.,  D.V.M.,  Psychology,  Nutrition 
of  Dogs.  Preston  .Animal  Hosfiital,  Newton.  N.  J. 

Riese,  Hertha  R.  I.,  Child  l*sychiatty.  Director,  Edu¬ 
cational  Therapy  Center,  Richmond.  Va. 

Riggins,  H.  Mcl-ewl,  M.D.,  Internal  .Medicine.  .Asst. 
Clinical  Professor  of  Merlicinc,  Columbia  University, 
New  York.  N.  Y. 

Rolierts,  Charles  S.,  D.V.M.,  Veterinary  Pathologj*. 
Patholog}'.  Alabama  Polytechnic  Institute,  Auburn, 
Ala. 

Rohwerler,  Claus  .A.,  Endocrinologj-.  .Asst.  Professor 
Osteo|>athic  Merlicine.  Kirksville  College  of  Osteop¬ 
athy  &  Surgerv,  Kirksville,  Mo. 

Roo,  Jose  Salvador,  Biologv',  Psychologv',  Chemist  ty. 
Mexico.  D.F..  Mexico. 

Roscnfelder,  William  J..  Ph.D.,  Chemistty,  Biochem- 
istrv.  President.  Meta  Chemical  Coq>.,  Newark, 
N.  J. 

Russell.  .A.  David.  .M.D..  Pharmacologj'.  Exec.  & 
Director,  Russed  Pharmacal  Corj).,  New  York,  N. 

Salvadori,  Mario  Giorgio,  D.C.E.,  Civil  Engineering. 
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Professor  of  Civil  Engineering,  Columbia  University, 
New  York,  N.  Y. 

Scherr,  George  H.,  Ph.D.,  Microbiologj-.  Asst.  Pro¬ 
fessor,  The  Creighton  University,  Omaha,  Neb. 
Slavin,  Howard  B.,  M.D.,  Infectious  Diseases.  Assoc. 

Professor,  University  of  Rochester,  Rochester,  N.  Y. 
Snyder,  John  Crayton,  M.D.,  Microbiology.  Profes¬ 
sor  of  Microbiology,  Harvard  University,  Boston, 
Mass. 

S|)eirs,  Robert  Sisson,  Ph.D.,  Endocrinolo^.  Re¬ 
search  Fellow,  Roscoe  B.  Jackson  Memorial  Lab., 
Bar  Harbor,  Maine. 

Spencer,  Donald  Clayton,  Ph.D.,  Mathematics.  Assoc. 

Professor,  Princeton  University,  Princeton,  N.  J. 
Stephenson,  Kathryn  Lyle,  M.D.,  Tissue  Transplanta¬ 
tion.  Plastic  Surgeon,  Santa  Barbara  Clinic,  Santa 
Barbara,  Calif. 

Stewart,  Gordon  S.,  Ph.D.,  Endocrinology.  Asst. 
Attending  Biochemist,  Presbyterian  Hospital,  Chi¬ 
cago,  Ill. 

Stone,  William  S.,  M.D.,  Ph.D.,  Preventive  Medicine. 
Commandant,  Army  Medical  Service,  Graduate 
School,  Army  Medical  Center,  Washington,  D.  C. 
Susinno,  Anthony  M.,  M.D.,  Internal  Medicine.  Assoc., 
Allergy  Clinic,  Englewood  Ho^ital,  N.  J. 

Sussman,  Marcy  Lee,  M.D.,  Biology.  Private  Prac¬ 
tice,  Radiology,  Phoenix,  Ariz. 

Svigals,  Chester  S.,  M.D.,  Internal  Medicine.  Private 
I^clice,  New  York,  N.  Y. 

Talalay,  ^ul,  M.D.,  Surgery.  Research  .Associate, 
Dept,  of  Surgery,  University  of  Chicago,  Chicago, 
Ill. 

Thevathasan,  Oliver  I.,  M.A.,  Zoology.  Graduate 
Student,  New  York  University,  New  York,  N.  Y. 
Turnbull,  David,  Ph.D.,  Physics,  Chemistry.  Head  of 
Division  of  Chemical  Metallurgy,  General  Electric 
Co.,  Schenectady,  N.  Y. 

Viergiver,  Ellenmae,  Ph.D.,  Biochemistry.  Chemist, 
Ayer  Clinical  Laboratory,  Pennsylvania  Hospital, 
Philadelphia,  Pa. 

Voyles,  Carl  M.,  M.D.,  Internal  Medicine.  Instructor 
in  Medicine,  Duke  University,  Durham,  N.  C. 
Watkins,  Jr.,  William  Thurman,  M.D.,  Dermatology. 
Instructor  in  Dermatolog>’,  Duke  University,  Dur¬ 
ham,  N.  C. 

Weedon,  Frederick  Renfroe,  M.D.,  Biochemistry. 

Director,  Municipal  l.ab.,  Jamestown,  N.  Y. 
Wilensky,  Nathan  D.,  M.D.,  Medicine.  Assoc. 
Visiting  Physician,  Kings  County  Hospital,  Brook¬ 
lyn,  N.  Y. 

Wiley,  Richard  Haven,  Ph.D.,  Organic  Chemistiy. 
Chairman,  Dept,  of  Chemistry,  University  of  Louis¬ 
ville,  Louisville,  Ky. 

Wilks,  Jr.,  Paul  A.,  B.S.,  Optical  Instruments.  Asst. 
Director  Sales  &  Research,  Perkin  Elmer  Corp., 
Norwalk,  Conn. 

Winsten,  Seymour,  M.Sc.,  Microbiology.  Technician, 
Merck  Institute,  Jersey  City.  N.  J. 

Winterscheid,  Loren  C.,  B.A.,  Bacteriology.  Medical 
Research  Fellow,  National  Tul>erculosis  .Association, 
Philadelphia,  Pa. 

Woodward,  Theodore  E.,  D.Sc.,  Internal  Medicine. 
.Assoc.  Professor  of  Medicine,  University  of  Maryland, 
Baltimore,  Md. 

Wotiz,  Herliert  H.,  Ph.D.,  Organic  Chemistrj’.  Re¬ 
search  Fellow,  Dept,  of  Medicine,  Boston  University, 
Boston,  Mass. 

Wunderly,  Charles,  Ph.D.,  Protein  Metabolism.  Re¬ 
search  Dept.,  Medizin  University,  Klinik,  Zurich, 
Switzerland. 

Zons,  Frerlerick  W.,  Ph.D.,  Rare  Metals,  Earths. 


Manager,  Industrial  Research  &  Trade  I.Abs.,  Ne  | 
York,  N.  Y.  .  I 

B.  Elected  July  13,  1951  / 

SUSTAINING  MEMBERSHIP  | 

Buckman,  Stanley  Joseph,  Ph.D.,  Industrial  Micro-  L 
biology.  President,  Buckman  Laboratories  Inc,  I 
Memphis,  Tenn.  P 

Fairless,  Benjamin  F.,  Engineering.  President,  United  t. 

States  Steel  Corp.,  Pittsburgh,  Pa.  I 

Goll,  Milton,  B..A.,  Industrial  Microbiology.  Chief  of 
Microbiological  Labs.,  Nuodex  Products  Co.,  Elia-  || 
teth,  N.  J.  P 

Heizer,  Pauline,  Ph.D.,  Chromosome  Cytology.  .Asst  ! 
Professor  of  2^logy,  University  of  Hawui,  Hono-  | 
lulu.  Territory  of  Hawaii.  1 

Kaletsky,  Theodore,  D.D.S.,  Oral  Pathology.  Dental  I 
Examiner,  N.Y.  State  Dept,  of  Education,  New  ■ 
York,  N.  Y. 

Monier,  Mary  Mills,  Ph.D.,  Biochemistry.  .Asst.  I 
Professor  of  Biochemistrj',  George  Washington  | 

Medical  School,  Washington,  D.  C.  | 

SchifI,  Eugene,  B.S.,  Biology,  Pharmacy,  Chemistiy.  i 

Technical  Director,  Schiff  Bio-Food  ^oducts,  Jer-  1 
sey  City,  N.  J.  1 

Wince,  Maurice  G.,  M.D.,  Internal  Medicine.  Uni¬ 
versity  Physician,  University  of  Akron,  Akron,  ! 

Ohio.  '■ 
Yea^r,  Charles  C.,  Ph.D.,  Industrial  Microbiology.  ) 
Microbiologist,  Chicago,  III.  | 

ACTIVE  MEMBERSHIP 

Abramson,  .Arthur  S.,  M.D.,  Physical  Merlicine. 
Chief,  Physical  Medicine  Rehabilitation  Service, 
Veterans  .Administration  Hosp.,  New  York,  N.  Y. 
Berkowitz,  Benjamin  J.,  M.A.,  Chemistry.  Doctoral 
Research  Student,  Columbia  University,  New  A'ork, 

N.  Y.  ; 

Boines,  GeorK  J.,  M.D.,  Medicine.  Chief  of  Com-  ) 
municable  Diseases  in  Wilmington  General  and  St.  | 
Frances  Hospitals,  Wilmington,  Del.  [ 

'Burke,  Grafton  E.,  M.D.,  Cardiovascular  Diseases.  : 
Instructor  in  Medicine,  Cornell  Medical  School,  New  , 
York,  N.  Y.  I 

Caccese,  Anthony,  M.D.,  Internal  Medicine.  Private  i 
Practice,  Brooklyn,  N.  Y.  j 

Cantor,  Abraham,  Ph.D.,  Bacteriology.  .Asst.  Pro-  | 
fessor  of  Bacteriology,  Akron  University,  Akron,  > 
Ohio. 

Carlo,  Pierre  Emmanuel,  Ph.D.,  Pharmacology. 
Asst.  Professor  of  Pharmacology,  George  Washing-  : 
ton  University,  Washin^on,  D.  C. 

Carsten,  Mary  E.,  Ph.D.,  Biochemistry.  Fellow,  j 
Chemist^,  Elmhurst,  L.I.,  N.  Y.  I 

Cole,  BerwinAbliey,  Ph.D.,  Protozoology.  Asst.  Chief, 
Army  Medical  &rvice  Graduate  School,  Washington, 

D.  C.  ( 

Collins,  Vincent  J.,  M.D.,  Anesthesiolo^.  Director 
of  .Anesthesiology,  St.  Vincent’s  Hospit^,  New  York, 

N.  Y. .  .  k 

Consolazio,  William  V.,  B.S.,  Biochemistry.  Head, 
Biochemistry  Branch,  Office  of  Naval  Research,  , 
Washington,  D.  C.  I 

Daubert,  B.  F.,  Ph.D.,  Chemistry’.  Research  Pro¬ 
fessor  of  Chemistry,  University  of  Pittsburgh,  Pitts-  i 
burgh.  Pa.  j 

Davis,  John  H.,  M.D.,  Surgery.  Associate  in  Re  i 
search,  Brooke  Army  Hospital,  Fort  Sam  Houston,  | 
Tex.  I 
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De  Gae>,  Paulo',  M.D.,  Microbiology.  Professor  of 
Microbiology,  University  of  Brazil,  Rio  de  Janeiro, 
Brazil. 

Drake,  Miles  £.,  Pediatrics.  Research  Dept.  Mem- 
Iter,  Children’s  Hospital  of  Philadelphia,  Phila- 
delphU,  Pa. 

Durbin,  (>rald  T.,  B.A.,  M.A.,  Microbioli^.  Micro- 
Itiolo^st,  Research  Laboratories,  Wyeth  Inc.,  Mason, 
Mich. 

baton,  William  W.,  Ph.D.,  Engineering,  Physics. 
Auoc.  Director  of  Research,  Olin  Industries,  Inc., 
New  Haven,  Conn. 

Emma,  Eidwin,  M.D.,  .Anesthesiology.  Assoc.  Anes¬ 
thetist,  Beth  Israel  Hospital,  New  York,  N.  Y. 
EnRlberg,  H^man,  M.D.,  B.A.,  Cardiology.  Prac- 
tlung  Physician,  Los  .Angeles,  Calif. 

Fiske,  G.  Hastings,  D.Sc.,  General  Medical  Research. 
Vice-President  of  Research  Control,  Eli  Lilly  &  Co., 
Indianapolis,  Ind. 

Flaumenhaft,  Irving,  B.A.,  M.A.,  Protective  Coatings. 
President  &  Technical  Director,  Lacquer  &  Chem¬ 
ical  Corp.,  Brooklyn,  N.  Y. 

Flon,  Helen,  B.A.,  Microbiology.  Research  Bacteriol¬ 
ogist,  National  Foundation  for  Infantile  Paralysis, 
Bronx  Botanical  Gardens,  New  York,  N.  Y. 

Fox,  Ernest  L.,  M.D.,  Vascular  Diseases.  Research 
Fellow,  Dept,  of  Medicine,  Cornell  University,  New 
York,  N.  Y. 

Fuerst,  Robert,  B.S.,  M.A.,  Microbiology.  Research 
Scientist,  M.  D.  Anderson  Hospital  for  Cancer  Re¬ 
search.  Houston.  Tex. 

Garrard,  Edward  H.,  B.S.A.,  M.S.A.,  Agricultural 
Bacteriology.  Professor  &  Head,  Dept,  of  Bac¬ 
teriology,  Ontario  .Agricultural  Colle^,  Guelph, 
Canada. 

Glernij  Morton  B.,  M.D.,  Internal  Medicine.  .Asst. 
Resident  in  Medidne,  Bellevue  Hospital,  New  York, 
N.  Y. 

Goble,  Guy  J.,  Entomology-.  Bioassay  Laboratories, 

■  Julius  Hyman  &  Co.,  Denver,  Col. 

Goldsmith,  Grace  A.,  M.D.,  Nutrition  &  Metabolism. 
Professor  of  Medicine,  Tulane  University,  New 
Orleans,  La. 

Gray,  Grace  W.,  Ph.D.,  Pharmacology.  Graduate 
Student,  &  Research  .Assistant,  Dept,  of  Pharmacol¬ 
ogy,  University  of  Michigan,  Ann  Arbor,  Mich. 
Grayj  Peter,  Ph.D.,  Zoology.  Head,  Dept,  of  Bio- 
kipcal  Sciences,  University  of  Pittsburgh,  Pittsburgh, 
Pa. 
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Green,  James  D.,  M.D.,  Medicine.  Private  Practice, 
Birmingham,  Mich. 

Grimson,  S.  B.,  Color  Research.  Director,  Color  Re¬ 
search  Corp.,  New  York,  N.  Y. 

Gumport,  Stephen  L.,  M.D.,  Surgery.  Practice  of 
Surgery,  New  York,  N.  Y. 

Hagan,  William  A.,  D.V.M.,  Veterina^  Pathology, 
^feasor  &  Dean,  N.  Y.  State  Veterinary  College, 
Cornell  University,  Ithaca,  N.  Y. 

Hatch,  Alden  B.,  Ph.D.,  Biology,  Antibiotics.  Direc¬ 
tor,  Fermentation  &  Development  Division,  Bristol 

Laboratories,  S^ruse,  N.  Y. 

Hechler-Wichelhausen,  R.  M.,  Rheumatic  DiseaMs. 
Chief,  Arthritis  Research,  Veterans  Administration 
Hospital,  Washington,  D.  C. 

Heckerman,  Raymond  0.,  B.S.,  M.S.,  Embry-ol^-, 
Genetics.  Instructor,  Duquesne  University,  Pitts¬ 
burgh,  Pa. 

Herman,  Samuel  E.,  D.V.M.,  Veterinary  Science. 
Small  Animal  Practitioner,  New  York,  N.  Y. 

Hershey,  Solomon  G.,  B.S.,  M.D.,  Ainesthesiolopy. 
Director  of  Anesthesiology,  Beth  Israel  Hospital, 
.New  A'ork,  N.  Y. 


Holoday,  Duncan  A.,  M.D.,  Pharmacology.  Asst. 
Professor  of  Anesthesia,  Columbia  Univeraty,  New 
York,  N.  Y. 

Hollabau^,  Cleveland  B.,  Ph.D.  Celluloae  Deriva¬ 
tives.  Independent  Patent  Attorney,  Garden  City, 
L.  I.,  N.  Y. 

Holle,  Henry  A.,  M.D.,  Medicine,  Public  Health. 
Regional  Medical  Director,  U.  S.  Public  Health 
Semce,  New  York,  N.  Y. 

Howard,  Nathan  Z.,  Private  Practice,  Great  Neck, 
L.  I.,  N.  Y. 

Hyman,  Jr.,  Mark,  B.A.,  M.S.,  Chemistry.  President, 
Pilot  Chemicals  Inc.,  Waltham,  Mass. 

Katzin,  Herbert,  M.D.,  (tehthalmology.  Director,  Re¬ 
search  Eye  Bank  for  sight  Restoration,  New  York, 
N.  Y. 

Keltz,  Alan,  B.A.,  Biochemistry.  Research  Fellotv, 
University  of  Southern  Cal.,  Lm  Angeles,  Calif. 
Kleinholz,  Lewis  H.,  Ph.D.,  Biology,  I^fessor  of 
Biology,  Reed  College,  Portland,  Ore. 

Kline,  Albert  P.,  Ph.D.,  Biolo^,  Chemistry,  Surgery. 
Assoc.  Chem.,  N.E.  Missouri  State  Colle^,  Sarks- 
ville.  Mo. 

Kqpp,  Moe,  D.V.M.,  Veterinary  Medicine.  Private 
ftactice.  Port  Chester,  N.  Y. 

Kraus,  Jr.,  Michael  B.,  Electronic  Engineering,  Micro¬ 
biology.  Sales  Field  Engineer,  Transmitter  Equip¬ 
ment  Mfr.  Co.,  New  York,  N.  Y. 

Kreutzer,  William  A.,  M.S.,  Ph.D.  Control  of  Soil- 
borne  Phytopathi^ns.  Head  Dept,  of  Plant  Pa- 
tbolo^.  Shell  Agriculture  Lab.,  Modesto,  Calif. 
Little,  Gwrge  Watson,  D.V.M.,  Biology,  Physics  & 
Chemistry.  Private  Practice,  New  York,  N.  Y. 

Lu,  Frank  C.,  M.D.,  Pharmacology.  Pharmacolc^t, 
Dept,  of  National  Health  &  Welfare,  Ottawa,  Can¬ 
ada. 

Mallory,  G.  Kenneth,  M.D.,  Pathology.  Director  of 
Mallory  Institute  of  Pathology,  Boston  City  Hospi¬ 
tal,  Boston,  Mass. 

Mandel,  Benjamin,  Ph.D.,  Virolo^.  Research  Assist¬ 
ant  in  Microbiology,  N.  Y.  University,  New  York, 
N.  Y. 

Markee,  J.  E.,  Ph.D.,  Muscle  Function,  Endocrinol¬ 
ogy.  Professor  &  Chairman,  Dept,  of  Anatomy, 
Duke  University,  Durham,  N.  C. 

Mast,  GeorR  W.,  M.D.,  Medical  Research,  Medical 
Director,  Nepera  Chemical  Co.,  Yonkers,  N.  Y. 
Merrill,  A.  P.,  M.D.,  Hospital  Consultant,  St.  Barna¬ 
bas  Homital,  New  York,  N.  Y. 

Monroe,  Russell  R.,  M.D.,  Psychology.  Asst.  Pro¬ 
fessor  Tulane  University,  New  Orleans,  La. 

Morgan,  Stanley  L.,  B.S.,  Microbiolo^.  Manager, 
Ben  Venue  Laboratories,  Inc.,  Bedford,  Ohio. 
Muehibauer,  Michael,  M.D.,  Biology.  Brooklyn, 
N.  Y. 

Munsell,  Hazel  E.,  Ph.D.,  Nutrition.  Director,  Bro- 
matological  Laborator}-,  Instiluto  Nacional  de  Nulri- 
cian,  (^to,  Ecuador. 

Nolan,  Mward  P.,  M.D.,  Medicine.  Staff,  Medical 
Center,  University  of  New  York,  Syracuse,  N.  Y. 
Orkin,  Ix>uis  R.,  M.D.,  Anesthesiology.  Asst.  Pro¬ 
fessor  of  Anesthesiology,  N.  Y.  University,  New  York, 
N.  Y. 

Ottolenghi,  Mario  L.,  Chemical  Engineering.  Tech¬ 
nical  Consultant,  Director  of  Montecatini  Inc.,  New 
York,  N.  Y. 

Rechtschaffen,  Joseph  S.,  M.D.,  Internal  Medicine. 
Metropolitan,  Flower  &  Beth  Israel  Hospitals,  New 
York,  N.  Y. 

Reiss,  Eric.,  M.D.,  Metlicine.  Assoc.  Physician, 
Brooke  Army  Hospital,  Fort  Sam  Houston,  Tex. 
Rosenberg,  Lawson  L.,  Ph.D.,  Chemistry.  .Asst., 
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Oepl.  of  Physical  Chemislo’i  The  Johns  Hopkins 
University,  Baltimore,  Md. 

Ross,  Sidney,  M.D.,  Clinical  Investigation.  Asst.  Pro¬ 
fessor  of  Pediatrics,  Georgetown  University,  Wash¬ 
ington,  D.  C. 

Sands,  Abraham  M.,  M.D.,  Opthalmalogy.  Opthalmic 
Surgeon,  N.  Y.  State  University,  Brooklyn,  N.  Y. 
Schulnuui,  Arnold,  Physiology.  Graduate  Student, 
Yale  University,  New  Haven,  Conn. 

Schwert,  Geo^  W.,  Ph.D.,  Biochemistrjr.  Asst.  Pro¬ 
fessor  of  Biochemistry,  Duke  University,  Durham, 
N.  C. 

Scudder,  John,  B.Sc.,  Shock,  Blood  Preservation. 
Asst.  Professor  of  Surgery,  Columbia  Presbyterian 
Medical  Center,  New  York,  N.  Y. 

Serling,  Maurice  E.,  D.V.M.,  Veterinary  Medicine. 

Owner  of  Small  Animal  Hospital,  Larchmont,  N.  Y. 
Seymour,  Alpert,  B.A.,  Parasitology.  Graduate  Stu¬ 
dent,  Syracuse  University,  New  York,  N.  Y. 

Shanor,  Leland,  Ph.D.,  Mycology.  Professor  of 
Botany,  University  of  Illinois,  Urbana,  lU. 

Shaver,  John  R.,  Ph.D.,  Embryology.  Asst.  Professor 
of  Zoology,  University  of  Missouri,  Columbia,  Mo. 
Shoemaker,  Richard  N.,  Ph.D.,  Fermentation.  Micro¬ 
biologist,  Chas.  Pfizer  &  Co.,  Brooklyn,  N.  Y. 
Shpuntofl,  William,  D.D.S.,  Dental  Bacteriology. 

Private  Practice,  New  York,  N.  Y. 

Simmons,  Leo  W.,  Ph.D.,  Anthropology.  Professor  of 
Sociology,  Yale  University,  New  Haven,  Conn. 
Smith,  Samuel  Gre^r,  Biochemistry,  Biology.  Re¬ 
search  Chemist,  Ridgewood,  N.  J. 

Spurr,  Gerald  Baxter,  B.S.,  Physiology.  Student, 
Somerville,  Mass. 

Sterling,  Joseph  R.,  D.V.M.,  Veterinary  Medicine. 

Owner  of  Dog  &  Cat  Hospital,  New  York,  N.  Y. 
Storm,  Jack,  B.A.,  Cellular  Physiology,  Biochemistry. 

Fellowship,  Brooklyn  College,  Brooklyn,  N.  Y. 

Storr,  John  F.,  Biology.  Adelphi  College,  Garden 
City,  L.  I.,  N.  Y. 

Strauss,  Maurice  J.,  M.D.,  Dermatology.  Clinical 
Professor  of  Dermatology,  Yale  University,  New 
Haven,  Conn. 

Taft,  Edrar  B.,  M.D.,  Patholwy,  Histochemistry. 
Research  Fellow  in  Medicine,  Collis  P.  Huntington 
Memorial  Ho^ital,  Harvard  University,  Cambridge, 
Mass. 

Tamrt,  S.  Ross,  M.D.,  Venereal  Disease.  Director, 
Bureau  of  Venereal  Disease,  D.  C.  Health  Dept., 
Washington,  D.  C. 

Tahmisian,  Theodore  Newton,  Ph.D.,  Biology.  Group 
Leader,  Assoc.  Scientist^  Division  of  Biolo^  and 
Medicine,  Argonne  National  Laboratory,  Chicago, 

Teague,  Robert  S.,  Ph.D.,  Pharmacology.  Professor 
&  Chairman,  Dept,  of  Pharmacology,  medical  Col¬ 
let  of  Alabama,  Birmingham,  Ala. 

Toch,  Rudolf,  M.D.,  Pc^tric  Cancer,  ChUdren’s 
Cancer  Research  Foundation,  Bostom  Mass. 

Travis,  John  H.,  Mental  Hygiene.  Superintendent, 
Manhattan  State  Ho^iital,  New  York,  N.  Y. 
Treadwell,  Carleton  R.,  Ph.D.,  Biochemistry.  Assoc. 
Professor  of  Biochemistry,  George  Washington  Uni¬ 
versity,  Washington,  D.  C. 

Troy,  Mathew  A.,  D.V.M.,  Veterinary  Medime. 
Cinoer  &  Chief  Veterinarian  of  Animal  Hospital, 
Pelham,  New  York,  N.  Y. 

Troy,  William  P.,  B.S.,  Cytology.  Biologist,  Lederltf 
Laboratories,  Pearl  River,  N.  Y. 

Turner,  Robert  Arnold,  Ph.D.,  Biochemistiy.  Asst. 
Professor  of  Biochemistry,  State  University,  New 
York,  Brookl3m,  N.  Y. 

Van  Griffis,  Le,  Ph.D.,  Theoretical  &  Applied  Me¬ 


chanics.  Mananr,  Division  of  Engineering  Mt 
chanics  ResearA,  Armour  Research  Founwtioo. 
Chicago,  III. 

Vera,  Harriette  D.,  Ph.D.,  Culture  Media  for  Bacterit. 
Research  Bacteriologist,  Baltimore  Biological  Labo¬ 
ratory,  Baltimore,  Md. 

Walton,  Robert  Greenwood,  B.S.,  Dermi^lon. 
Asst.  Research,  Dermatol^,  Stanford  Ui^ruty 
Hospitals,  San  Frandaco,  Qilif.  ■ 

Wislocki,  George  B.,  M.D.,  Anatomy.  Professor  of 
Anatomy,  Harvard  Medical  School,  Boston,  Mass. 
Zaugg,  Harold  E.,  Ph.D.,  Organic  MecUdne,  Chemistiy. 
Research  Chemist,  Abbott  Laboratories,  North  Gu- 
cago.  Ill. 


STUDENT  MEMBERSHIP 

Brod,  Morton  S.,  B.A.,  Biology.  Student,  Columbia 
University,  New  York,  N.  Y. 

Perr,  Mortimer  H.,  B.S.,  Dental  Student,  New  Yoik 
University,  New  York,  N.  Y. 

C.  Elected  August  15, 1951 
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LIFE  MEMBERSHIP 

Moran,  Jr.,  Eugene  F.,  N.A.,  Mar.  Eng.,  Oceanography,  | 
Mathematics,  Engineering.  Vice-P^dent,  Moras  [ 
Towing  Co.,  New  York,  N.  Y.  ■ 

Sloan,  Jr.,  Alfred  P.,  D.Sc.,  LL.D.,  Cancer.  Chairman  j 
of  Board,  General  Motors  Corp.,  New  York,  N.  Y.  9 
Wallerstein,  Harry,  M.D.,  Hematology.  Hematolo-  [| 
gist,  Jewish  Memorial  Hospital,  New  York,  N.  Y.  t 


SUSTAINING  MEMBERSHIP 

Coakley,  Walter  A.,  M.D.,  F.A.C.S.,  Brooklyn,  N.  Y. 

Forsyth,  Bruce  D.,  D.D.S.,  Dentistry.  Asst.  Surgeon 
Graeral,  Chief  Dental  Officer,  U.  S.  Public  Health 
Service,  Washin^on,  D.  C. 
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ology.  Senior  Resident,  Anesthesiology,  Beth  Israel 
Hospital,  New  York,  N.  Y. 

Gaudet,  E.  Louise,  Ph.D.,  Clinical  Psychology. 
Clinical  Psychok^ist,  Veterans  Administration 
Mental  H^ene  Cunic,  Newark,  N.  J. 

Greenspan,  Kidman,  B.S.,  Pharmacology-.  Graduate 
Student,  Brooklyn,  N.  Y. 

Gross,  Milton  Michael,  B.A.,  Basic  Medical  Research. 
Student,  State  University  of  New  York,  New  York, 
N.  Y. 

Heiman,  Marcel,  M.D.,  Psychoanalysis.  Private 
Practice,  New  York,  N.  Y. 

Herrmann,  George,  D.Sc.,  Engineering.  Professor, 
Columbia  University,  New  York,  N-  Y. 

Herskovitz,  Selma,  B.A.,  Experimental  Psychology. 
Graduate  Assistant,  Experimental  Psychology, 
Brooklyn  College,  New  York,  N.  Y. 

Hodgson,  James  G.,  Ph.D.,  International  &  Inter- 
institutional  Cooperation.  Director  of  Libraries, 
Colorado  A.  &  M.  College,  Fort  Collins,  Colo. 

Huesca-Mesia,  Carlos,  Chemistry,  Phyrics.  Head, 
Dept,  of  Chemistry,  Institute  of  Applied  Biology, 
Brooklyn,  N.  Y. 

Irwin,  Dudley  Arthur,  M.D.,  Industrial  Medicine. 
Medical  EHrector,  Aluminum  Co.  of  America, 
Pittsbui^,  Pa. 

Jolowdcz,  Ernst,  M.D.,  Psychotherapy.  Private  Prac¬ 
tice,  Great  Neck,  L.  I.,  N.  Y. 

Kahan,  Edmund,  M.D.,  Ophthalmology.  Private 
Practice,  New  York,  N.  Y. 

Kenny,  Elisabeth,  R.N.,  Poliomyelitis.  Head,  Sister 
Kenny  Foundation,  Minneapolis,  Minn. 


Klein,  Samuel,  D.Sc.,  Medical  Chemistry.  MjdictI 
Research,  Newark,  N.  J. 

Knowles,  Harold  S.,  B.S.,  M.D.,  Biology,  Mycology, 
Private  Practice,  Orlando,  Fla. 

Koch,  Alan,  B.S.,  Pharmacokjgy.  Student,  New  York, 
N.  V. 

Kraus,  Frederick  W.,  M.D.,  Dental  Medicine.  R^ 
search  Assomte,  Tufts  College  Dental  School, 
Boston,  Mass. 

Kreeger,  Morris  H.,  M.D.,  Hospital  Administration. 
Executive  Director,  Michael  Reese  Hospital,  Chicago, 

Lenhoff,  Howard  M.,  B.A.,  Biochemist^.  Junior 
Instructor,  Biology,  Johns  Hopkins  University, 
Baltimore,  Md. 

Leonard,  Charles  Arthur,  M.Sc.,  Pharmacology. 
Graduate  Student,  Philadelphia  College  of  Pharmacy 
&  Science,  Philadelphia,  n. 

Levine,  Rachmiel,  M.D.,  Endocrinology,  Metabolism. 
Director,  Dept,  of  Metabolism,  Michael  Reese 
Hospital,  Chicago,  Ill. 

Leviticus,  Rene,  M.D.,  Dermatology.  Asst.  Attend¬ 
ing,  Bellevue  Hospital,  New  York,  N.  Y. 

Liberman,  Leonard  A.,  B.S.,  BiochemisfW.  Graduate 
Student,  University  of  Rochester,  Rochester,  N.  Y. 

Lieberman,  Murray,  M.D.,  Medicine,  Psychiatry. 
Resident  in  Psychiatry,  Kings  County  Hospital. 

Lucia,  S.  P.,  M.D.,  Medicine,  Hematology.  Professor 
of  Medicine,  University  of  California,  San  Francisco, 
CaUf. 

Lud»-ig,  Bernard  J.,  Ph.D.,  Medicinal  Chemistry. 
Asst.  Director,  Research  &  Develcmment,  Carter 
Products,  Inc.,  New  Brunswick,  N.  J. 

MacKay,  E.  M.,  Clinical  Investigation,  Endocrinolory. 
Assoc.  Medical  Director,  E.  R.  Squibb  &  Sons,  Nvn 
York,  N.  Y. 

Malafatopoulos,  Stavros,  A.,  M.D.,  Medicine.  Public 
Health  Consultant  to  E.C.A.  Mission  to  Greece, 
Athens,  Greece. 

Maxwell,  Robert  A.,  B.A.,  Biology.  Graduate  Student, 
Princeton  University,  Princeton,  N.  J. 

Milzer,  Albert,  M.D.,.  Virology,  Medical  Bacteriology. 
Director  of  Virology  &  Bacteriology',  Michael  Reese 
Hospital,  Chicago,  Illinois. 

Moldave,  Kivie,  M.S.,  Biochemistry.  Research 
Fellow,  University  of  Southern  California,  Los 
Angeles,  Calif. 

Moss,  Melvin  Lionel,  D.D.S.,  Anatomy.  Fellow  in 
Anatomy,  Columbia  University,  New  York,  N.  Y. 

Munemitsu,  Sa^lo,  M.S.,  Endocrinology.  Graduate 
Research  Assutant,  The  State  University  of  lon-a, 
Iowa  City,  Iowa. 

Nicholson,  Jr.,  Samuel  T.,  M.D.,  Industrial  Medicine. 
Medical  Director,  Doehler  Jarvis  Corp.,  Pottston-n, 
Pa. 

Olive,  L.  S.,  Ph.D.,  Mycology.  Professor  of  Mycology, 
Columbia  University,  New  York,  N.  Y. 

Pepper,  RoUin  E.,  B.A.,  Bacteriology.  Microbiolomt,. 
Ethicon  Suture  Laboratories,  New  Brunswick,  N.  J. 

Perrone,  Joao  C.,  M.A.,  Biochemistry.  ReMrch 
Chemist,  Inst.  Nacional  de  Technologia,  Rio  de 
Janeiro,  Brazil. 

Revivi,  E.  Fanita,  B.S.,  Physiology.  Research  As¬ 
sistant,  Institute  of  Applied  Biology,  Brooklyn, 
N.  Y. 

Richter,  Friedrich,  Ph.D.,  Organic  Chemistry.  DirK- 
tor  of  Beilstein  Institute,  Frankfort  on  the  Main, 
Germany. 

Rochlip,  Isidore,  M.D.,  Medicine.  Senior  Research 
Fellow,  Rush  Department  of  Medicine,  Presby¬ 
terian  Hospital,  Cnicago,  III. 
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Rosenhaugh,  Edmund  Carter,  M.D.,  Ophthalmology. 
Ouhthalumugist,  Workmen’s  Compensation  Board, 
New  York,  N.  Y. 

Saletan,  l.eonard  T.,  M.A.,  Chemistry.  Chemist, 
Wallerstein  Laboratories,  New  York,  N.  Y. 
Schwartz,  Donald  M.,  B.S.,  Chemistry.  Inspector, 
Chemical  Corp.,  Brooklyn,  N.  Y. 

Shimenovitz,  Martin,  B.A.,  Medicine.  Student,  Syra¬ 
cuse  University,  Syracuse,  N.  Y. 

Smith,  Euclid  M.,  M.D.,  General  Internal  Medicine. 

Physician,  Hot  Springs,  Ark. 

Spencer,  Gerald  A.,  M.D.,  Dermatology.  Instructor, 
New  York  University,  Bellevue  Medical  Center, 
New  York,  N.  Y.  . 

Spiegelman,  .Anna  R.,  M.D.,  Medicine.  Private 
Practice,  New  York,  N.  Y. 

Sneilman,  Morton  M.,  M.D.,  Medicine.  New  York, 
.V.  Y. 

Sporer,  .Andrew,  M.D.,  Urology.  Instructor  in 
Urology,  New  York  Polyclinic  Hospital,  New  York, 
N.  Y. 

Stanton,  Edward  Fuller,  M.D.,  Medicine.  Private 
Practice,  New  York,  N.  Y. 

Stephen,  Manuel,  M.D.,  Psychology.  Private  Prac- 
tia.  New  York,  N.  Y. 

Stein,  Paul,  M.D.,  Medicine.  .Associate  in  Medicine, 
City  Hospital,  New  York,  N.  Y. 

Stem,  Rudolf  .A.,  M.D.,  Internal  Medicine.  Associate 
Physician,  City  Hospital,  New  York,  N.  Y. 

Stone,  Samuel,  M.D.,  Pulmonary  Disease  in  Pediatrics. 
Asst.  Clinical  Professor  of  Pediatrics,  New  York 
University  College  of  Medicine,  New  York,  N.  Y. 
Strax,  Philij),  M.D.,  Medicine.  Attending  Roent¬ 
genologist,  Bellevue  Hospital,  New  York,  N.  Y. 
Strax,  SeTig,  M.D.,  Medicine,  Surgery.  Assoc.  Visiting 
Surgeon,  Harlem  Hospital,  New  York,  N.  Y. 
Sudimack,  Jr.,  Josmh,  B..A.,  Bacteriology.  Graduate 
.Assistant,  Ohio  State  University,  Columbus,  Ohio. 
Sutro,  Charles  J.,  M.D.,  Endocrinology.  Assoc. 
Orthopedic  Surgeon,  Hospital  for  Joint  Diseases, 
New  York,  N.  Y. 

Swenson,  Paul  A.,  Physiology.  Instructor  in  2^1ogy, 
University  of  Massachusetts,  Amherst,  Mass. 
Tabhat,  Samuel  F.,  M.D.,  Psychiatry.  Associate, 
Hillside  Hospital,  New  York,  N.  Y. 

Teichner,  Herbert,  M.D.,  Biology.  Assoc.  Visiting 
Obstetrician  and  Gynecologist,  Metropolitan  Hos¬ 
pital,  New  York  N.  Y. 

Termer,  Franz,  Ph.D.,  Ethnology,  Anthropology.  Pro¬ 
fessor  of  Ethnology  &  Director  of  Hamburgusches 
Museum.  Hamburg,  Germany. 

Tin»sheff,  Serg  N.,  Ph.D.,  Protein  Physical  Chwnistry. 
Research  Fellow,  Chemistry  Dept.,  Yale  University, 
New  Haven,  Conn. 

Townsley,  Harry  E.,  D.O.,  Metalrolic  Medicine. 
Physician,  Kirksville,  Mo. 

Trautman,  Edgar  Charles,  M.D.,  Neurology,  Psychi¬ 
atry.  .Assoc.  Attending,  Neuro-|)sychiatrist,  Lincoln 
Hospital,  New  York,  N.  Y. 

Tria,  Eusebio,  Ph.D.,  M.D.,  Biochemistry.  Professor 
of  General  Physiology',  University  of  Ferrara, 
Ferrara,  Italy. 

Tuck,  L.  Dallas,  Ph.D.,  Physics,  Chemistry.  Asst. 
Professor  of  Chemistry,  University  of  California, 
Medical  Center,  San  Francisco,  Calif. 

Tulin,  Maurice,  M.D.,  Medicine.  Instructor  in 


Medicine,  Cornell  University  Medical  College, 
New  York,  N.  Y. 

Van  Rockel,  Henry,  Ph.D.,  D.V.M.,  Animal  Diseases. 
Resca-ch  Professor,  Dept,  of  Veterinary  lienee. 
University  of  Massaenusetts,  Amherst,  Mass. 

Veres,  Michael,  Ph.D.,  Chlorophyll.  Research 
Chemist,  Airkem,  Inc.,  New  York,  N.  Y. 

Voohees,  Irving  Wilson,  M.D.,  Medicine.  Assoc. 
Professor,  College  of  Physicians  &  Surgeons, 
Columbia  University,  New  York,  N.  Y. 

Warshaw,  Thelma  G.,  M.D.,  Dermatology.  Research 
Fellow,  Skin  &  Cancer  Unit,  New  York  University, 
Bellevue  Hospital,  New  York,  N.  Y. 

Webber,  Harold  H.,  Ph.D.,  Textiles.  Executive 
Director,  Lowell  Textile  Institute  Research  Founda¬ 
tion,  I.«well,  Mass. 

Weisner,  Wayne  M.,  M.D.,  Medicine.  U.  S.  Army. 

Weiss,  A.  Kurt,  M.S.,  Metabolism.  Graduate  Student 
in  Physiology,  University  of  Rochester,  Rochester, 
N.  Y. 

Weisshaus,  Stanley  Z.,  M.D.,  Medicine.  Private 
Practice,  New  York,  N.  Y. 

Wenger,  Byron  S.,  Ph.D.,  M.S.,  Embryology.  Asst. 
Professor  of  Anatomy,  University  of  Kansas, 
Lawrence,  Kans. 

WTiite,  Jack  Edward,  M.D.,  Surgery,  Cancer.  Asst. 
Professor  of  Surgery,  Harvard  University  Medical 
School. 

Whitten,  W’illiam  W.,  M.D.,  Medicine.  Private 
Practice,  Pediatrics,  New  York,  N.  Y. 

Wiener,  Roslyn,  M.D.,  Endocrinology.  Volunteer 
Worker  in  Dept,  of  Therapeutics,  New  York  Uni¬ 
versity  Medical  School,  New  York,  N.  Y. 

Wilkins,  Robert  Wallace,  M.D.,  Cardiovascular  Physi- 
olo^.  .Assoc.  Professor  of  Medicine,  Boston 
University  School  of  Medicine,  Boston,  Mass. 

Winkler,  Franz  E.,  M.D.,  Psychology,  Medicine. 
Private  Practice,  New  York,  N.  Y. 

Wolf,  Maurice  E.,  M.D.,  Medicine,  Biology.  Chief, 
Arthritis  Dept.,  Mt.  Sinai  HospiUl,  New  York, 
N.  Y. 

Zerbe,  Richard  O.,  M.S.,  Chemistry.  Research 
Chemist,  Rubber  Service  Dept.,  Monsanto  Chemical 
Co.,  Nitro,  West  Va. 

STUDENT  MEMBERSHIP 

Braswell,  Emory,  Chemistry.  Student,  Brooklyn 
Polytechnic  Institute,  Brooklyn,  N.  Y. 

Kallos,  Andrew,  Mycology.  Student  in  Dermatology, 
New  York  Polyclinic,  New  York,  N.  Y. 

Walcott,  S.  Alexander,  Psychiatry.  Student,  New 
York  University,  New  York,  N.  Y. 

Waldman,  Ruth  M.,  Speech  Correction.  Student, 
Brooklyn  College,  Brooklyn,  N.  Y. 

Wilsey,  John  Colver,  Surgery.  Student,  First 
Columbia  Surgical  Division,  Bellevue  Hospital 
New  York,  N.  Y. 

F.  Transferred  to  Life  Membership  October  19,  1949 

LIFE  MEMBERSHIP 

Freedman,  Louis,  M.S.,  Ph.D.,  Biochemistry.  Vice- 
President  in  Charge  of  Research,  U.  S.  Vitamin 
Corp. 
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